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Rustové cykly bakterii II.
‘Stridani prisedlé a volné (plovouci)
formy Zivota u prokaryot

Caulobacter crescentus

Sphaerotilus natans

' Biofilm




- Biofilm

Tekuté prostredi

+ pevné povrchy

GROWTH & EXOPOLYMER
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Slozky biofilmu:
Bakterialni bunky a
jin€ organismy uvnitr
matrix z polysacharidi

Biofilm / mikrokolonie:

husté mikrobialni populace vyvinuté z volné plovoucich
(planktonickych) bunék usazenych na vhodném povrchu a
, formujicich ,,hribovité* utvary s dutinkami, kanalky a
stopkami. Je zodpovédny za 65% onemocnéni zapadniho svéta.




Pseudomonas aeruginosa

formovani biofilmu sestava z péti kroku, béhem nichz je
exprese vice jak 800 protemnt

(tedy vic jak polovina proteomu tohoto druhu)
Sest 1 vicenasobné zvysSena.
Medscape® www.medscape.com

-— Mature Biohilm

EPS Mairig

O A cyl-HSL
sSigngl —*




Pseudomonas aeruginosa
faze vzniku biohilmu

Reversibilni prilnuti (attachment): bunky se prechodné fixuji k
substratu a povrchem indukovana genova exprese usti do tvorby
proteinoveho profilu zretelné odlisSneho od planktonnich bunék

{

reverzibilni prilnuti: u bunék dochazi k reorientaci, shlukovani, ztraté
pohyblivosti a aktivaci regulonu quorum sensing

{

Maturace I: bunécné shluky jsou siln€jsi a je aktivovan rhl quorum
sensing system

V

Maturace II: bunécné shluky dosahuji maximalni tloustky s
proteinovym profilem odliSnym od planktonnich bunék

Disperze: zména struktury shluku, formovani poru a kanalku.
Pritomnost pohyblivych 1 nepohyblivych bunék.
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Vznik biofilmu - prizptisobeni prisedlému zpiisobu Zivota:

Mechanismy adheze: adhesiny, fimbrie - curli, glykokalyx

Reverzibilni - van der Waalsovy sily - slabé vazby bunka-povrch
Irreverzibilni - chemicka vazba (kovalentni, vodikova)
- pritomnost extracelularnich polymeru

Zména fenotypu - ustava syntéza biCiku, mukézni latky

Ps. aeruginosa - alginat

Spoustéci podnéty:
e Osmoticky tlak
e Snizeny obsah kysliku

e Rostouci hustota poulace - quorum sensing - malé mlk.
pro maturaci biofilmu a virulenci

napr: acyl-homoserin lakton (G-), malé peptidy (G+)




Quorum - sensing - regulace
luminiscence u Vibrio fischeri

3-Oxohexanoyl homoserine lactoneg
{IOCEHSL or VAI) is the acyl-
homoserine lactone (AHL) produced by

Luxl and recognized by LuxR in Vibrio
fischeri

Quorum Sensing

| Low Cell Den s.’rtg.r_J

Quorum sensin
discovered in
marine lumines
Vibrip fischer,
symbiont of ma
as Eupryma s

@ = Acyl-homoserine lactone (AHL)




@ Non-flagellated
V. fischer

@ Flagellated
V. fischen

Wi Gram-negative
non-symbiofic
bacteria

@ Gram-positive
bactena

MNature Reviews | Microbiology




» This model depicts the progression of light-organ
colonization as a series of steps, each more specific for
symbiosis-competent Vibrio fischeri. a | In response to
Gram-positive and Gram-negative bacteria (alive or dead)
the bacterial peptidoglycan signal causes the cells of the
ciliated surface epithelium to secrete mucus. b | Only
viable Gram-negative bacteria form dense aggregations. ¢ |
Motile or non-motile V. fischeri out-compete other Gram-
negative bacteria for space and become dominant in the
aggregations. d | Viable and motile V. fischeri are the only
bacteria that are able to migrate through the pores and into
the ducts to colonize host tissue. e | Following successful
colonization, symbiotic bacterial cells become non-motile
and induce host-epithelial cell swelling. Only
bioluminescent V. fischeri will sustain long-term
colonization of the crypt epithelium.




Quorum - sensing

e Soustava malych organickych molekul, které
jsou bunikou tvofeny v zavislosti na
koncentraci jich samotnych v prostredi

* Bunka tak reaguje na hustotu populace

e Kaskada reakci po vazbe na receptor spousti
syntézu sekundarnich metabolitu a
komunikaci v rameci

Cell-Cell Communication

bakt. spoleCenstva
e Vnitrodruhova

organizace komunity

- 8
.
L
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P. aeruginosa:
acyl-homoserin lakton

(Lasl/LasR and RhlI/RhIR) systém

3D rekonstrukce dozravani biofilmu

e Monitorovani hUStOtV pOpUlﬂC@ Pseudomonas aeruginosa

e Specifické receptory LuxR a syntetazy (Lux I)

e Ruzné Luxl produkuji ruzné formy ASHL

e [isSi se v R1 a R2 pozicich postranniho ret€zce

e Koncentrace ASHIL. v bunce dana koncentraci
t€échto molekul v prostredi

» Vyznam pro ekologii bunék ale 1 virulenci




I Ekonomika bunky: produkce extracelularnich
signaltl aZz nad urcitou hustotou populace !!!

e Nacasovani rozmisténi faktoru virulence v hostiteh
je kriicky bod - patogen se muze hromadit bez

vykazovani taktoru virulence

b D] ety
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ocenu P. aeruginosa regulovano LW e
o "E SCUlBlON .« Raduced biofilms?

= iRered n discase?

pomOCi quorum iyt SenSing E@@ = Therapeutic tangel?




Acyl-homoserin lakton (AHSL.) quorum-sensing cvklus

& o ] = acyl-HSL syntetaza
(LuxI homolog)
% *LuxR konformace
& Fo-B
SAM—[1]|= Acyl-ACP
G AHSL
i - |R;:H,0H,0
o ‘AHSL—FH A —F;—S-- a——ol RZ: (CH2)2-14
| AHSL=cre— 7’| [(CH,-CH,-CH=CH-CH,-CH,,
Parsek, Matthew R. and Greenberg, E. Peter (2000)

Proc. Natl. Acad. Sci. USA 97, 8789-8793

e Zluté diamanty v kruhu: LuxR homology aktivované
HSL signalem — jeho difuze do a ven z b.

» Sipky: gsc genes.

» Substrat pro HSL syntazu je acetylovany acyl-karyl
protein (Acyl-ACP) a S-adenosylmethionine (SAM).




e Nizka hustota populace produkuje urcitou kvantitu

ASHIL. molekul

e Ruzné transkripcni faktory gsc genu jednothivych
cyklu jsou aktivovany ruznymi formami ASHL po
dosazeni jejich ur¢ité koncentrace

o Kaskada reakci pro
= e —
spusténi produkce (o)
sekundarnich metabolitu: o :
HCN, pyocyanin (e
@
Unattached cells
Y
\h =
|
Attaciment Attached monolayer Microcolony
Surface growth Type IV pili &ézﬁéq/ Quorum sensing

= = = ﬁ e ey e e = ﬂ e ey o e = T ’




Quorum Sensing

@ Locally
o | high HSL
concentration

HSL
@ secreted

o

Relatively low HSL
concentration

O

PLANKTONIC ———
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¢ Acyl-homosern lakton (G- bakterie) = automnduktor
(Cerveny) a metabol.produkt od ur¢.koncentrace AHSL

(zeleny)




ComX pheromone
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Activation of transcription

Quorum response in gram-postitive bacteria.
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» Upregulated proteins included those involved in anaerobic
processes, denitrification, many efflux pumps, and some
quorum sensing proteins. One major player they found
upregulated was a known transcriptional regulator that
turns on antibiotic resistance by inducing transcription of
efflux pumps. Microbiologists have tended to define
microbial physiology based on planktonic bacteria, but in
nature bacteria exist almost exclusively in biofilms : the
only time they are planktonic 1s when making the transition
from one biofilm to another. If bacteria in biofilms are
physiologically different from planktonic bacteria, then all
the work done right back to Louis Pasteur has to be
repeated. Within biofilms, cell-cell communication occurs
through , In which signaling molecules
called autoinducers, specific for that species, are produced
and exchanged among bacterial neighbors.




Terapie biofilmu: .
Studium mutaci genti gsc
= Studium naruseni formovani
biofilmu - ty pak pristupnési ATB
| a dezintekci | '




 Hydrodynamické sily

Attachment

Colonization

Biofilm formation:

Growth

o

e Turbulentni proudeéni

a9 e
oo O
OSSR NS

© 1395 CENTER FOR BIOFILM ENGINEERING

flow separation |

A

drag forces|p»

recirculation

B. Towler / P. Dirchkx

© 2004, Center for Biofilm Engineering at MSU-Bozeman

MSU-BOZEMAN




Zvlastnosti biofilmu

Prenos genﬁ mezi buinkami az 1 000x veétsi
Vyssi rezistence k ATB a dezinfekei (H202, chlor)

- omezena dihaze
-sorpce A'1B
- khdovy stav, hladovéni

Flasmid

Antibiotic

= . .
zmena genotypu: lr. NS
' ral Antibiotic ™SO
oeny mar - mu]tzp]e AlD resistance /\&> esictanet .‘
- eftlux systém )
B Antibiotic

- enzymaticka degradace

- moditikace cilovych mlk

Specidlni sigma faktory

Signalni mechanismy
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Biofilm multicellularity results in better bacterial defenses

Nutrient
depletion
creates
zones of
altered
activity.

Outer layers
of biofilm
cells absorb

¥ ﬂ"?ngth

frequency *

of formation

LA

Slow

~penetration

Inner layers
of biofilm
cells have
more time
to initiate
stress
response.

“Persister”
cells may be
presentin
higher
numbers.




Seeding
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Heterogeneity
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Aggregate migration
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oeeding
dispersal

Rippling
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BIOfIImS Cooling Water
Impact. . . @ﬁ
Food Processing

Shlp Hulls

Medical Implants

Oil Recovery
Paper Manufacturing 2
Drinking Water @
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Biotilm v hdském téle:

Zubni p(jvlak

Intekce ran; viedy

Chronické infekce - dychaci cesty, usni inf.

cyst.libréza, chronicka obstrukéni phceni nemoc; otitis
media

MocCové cesty...




Biofilm a medicina

Cévky - artenalni, zilni, moCové

Dychaci a dializaCni pfistroje
Umelé chlopné

Kontaktni CoCky

Délozni télisko




Sites of Primary and Secondary Biofilm Infection

SITES OF

PRIMARY U
INFECTION: '

Subvenous
cathether




* Imunokomprimovani - kolonizace alveol
‘* Biofilm nespousti imunitni odpovéd’

e A7 kalcifikace alveol

P. Dirchx
© 2004, Montana State University Center for Biofilm Engineering




Examples of Medically Important Biofilms

Following implantation of endoprostheses, catheters, cardiac pacemakers,
shunt valves, etc. these foreign bodies are covered by matrix proteins of the macro-
organism such as fibrinogen, fibronectin, vitronectin, or laminin. Staphylococci
have proteins on their surfaces with which they can bind specifically to the corre-
sponding proteins, for example the clumpingfactor that binds to fibrinogen and the
fibronectin-binding protein. The adhering bacteria then prolitferate and secrete an
exopolysaccharide glycocalyx: the biofilm matrix on the foreign body. Such biofilms
represent foreign body-associated infection foci.

Certain oral streptococci (5. mutans) bind to the proteins covering tooth enamel,
then proceed to build a glucan matrix out of sucrose. Other bacteria then adhere to
the matrix to form plaque (Fig. 3.14), the precondition for destruction of the enamel
and formation of caries (see p. 243t.).

Oral sbieplococci and other bacleria altach Lo Lhe surface of Lthe cardiac valves Lo
form a biofilm. Professional phagocytes are attracted to the site and attempt, un-
successfully, to phagocytize the bacteria. The frustrated phagocytes then release
the tissue-damaging content of their lysosomes (see p. 23), resulting in an inflam-
matory reaction and the clinical picture of endocarditis.




Laborator

Yiastnosti buneék
Experiment:

Escherichia coli kultivace v tekutem medin

staticka - planktonicky
kontinualni - v povlakn

Selekce mutanty se zamenou jedine
aminokyseliny v regulacm bilkovine

hyperprodulice csli

Experiment:
Pseudomornuas aernginosa — alginat
+ oznaceni genu pro syntezu alginatu
p— galaktozid azovym operonem - indikacni gen
=* souiasné se syntézou alginatu se syntetizuje
i p-galaktozidaza — Stépenilaktosy v pidé -2
barevny indikator = zména harvy
+ Hyperprodukce p-galaktozidazy = hyperprodukce
al gin atu
Zaver: Pri tvorbe biofillmu nadprodukce
alginatu se zvysenou rychlosti

] icaoda




Vyhody piiscdych stadii

mlepsi dostupnost a vyuzitelnost substratu

s adsorpce makromolekul a malych hvdrofobnich molekul na povrch

s lepsi vyuzitelnost koncentrovanych zivin

mochrana pred inhibi¢ninu u¢inky antibakterialnich latek (anfibiotika, chlor,
l€zke kovy)

mochrana pred bakteriofagy a parazitickymi bakteriemi

Biofilm Resistance to Antimicrobial Agents |- Biofilm Resistance to Antimicrobial Agents

Penetration failure B

Nutrient-limited Physiology
IOFILM ENGINEERING MSU-BOZEMAN

Nevyhody prisedych stadii
msedimentace, vyCerpani Zivin a neschopnost kolonizovat nove,
vhodné;si prostiedi

mkonzumace substratu (¢astic) zooplanktonem

mvznik gradientu — Ziviny, kyslik




- Prisedlé bakterie

Epuceni — pupen je syntetizovan de novo, véetne bunécne steény

mstelka — neziva struktura vylucovana buiikou a rostouci z bunky

mprostéka — prodlouzeni bunky, obsahuje plazmatickou membranu a bunéénou
stenu

o u kaulobakteru muze byt az 10x delSi nez buiika




Rustovy cyklus Caulobacter crescentiis

Stadia rustoveho cyklu

m]. bicikaté, volné stadium (swarmer cell) — nerostouci, nepodléha
déleni

ebi¢ikata deceiinna buiika

m2. stélkaté piisedlé stadium — reprodukéni

¢, nezkuSena buitka* — jesSté se nedélila (inexperienced cell)
¢,.zkuSena buinka™ — j1z ,,vyprodukovala™ dcefinnou pohyblivou
bunku

*-
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Flagellum shedding
Pili retraction

A

Pili

Flagellum
rotaticmn
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)/ Flagellum
assembly

Fig.1: Caulabacter crescentus cell oycle

o Zivotni cyklus zdvisi
| na Jednotlivych Rrocich
bunécné diferenciace

a asymetrického delent
e 3 700 genii

Caulobacter crescentus CB1S

Vv Vv /7

® Kazdeé bunécné déleni

Je asymetrické — vznikaji

dvé morfologicky odlisné busiky

hr-omosome

c
4016947 hbp




Plovouci bi¢ikata bunka se nereplikuje

Pro replikaci bunky nutné
prisednuti na misto s vhodnym
substratem a diferenciace
ve stélkatou bunku.

Poté miciace replikace DNA.

Béhem promény dochizi k odhozeni a
nahrazeni bi¢iku a pilusu polarni stélkou, ktera prichyt

bunku k podkladu

| Nezrala stélkatd butika se prodluZuje

Reproduktivni stélkata bunka rephkuje DNA, vzink dcefinné bunky,
syntéza nového biCiku na polu proti stélce.

Kazda morfologicka zinéna je kontrolovana dokoncenim
specifickych kroku bunééného cyklu - uzlové body.




SiEEEE Stalked Reproducing Predivisional

cell cell stalked cell cell I!
; t%—:-o-—r—(% - —r—Q—p— +

o -
0.22 0.33 0.75 0.83 |

1.0
S
Stalk elongation .? |
LI 3 _>| Cross-b;nd
DNA synthesis formation
o e - — — ——.-l
Motile phase, Cells sen- Motile phase. Cells sen-
sitive to RNA phage and sitive to RNA phage and
to DNA phage ¢Cbk to DNA phage ¢Cbk
| |
Initiation of DNA Assembly of flagellum,
synthesis and pili, and ¢Cbk
stalk cell wall receptor
formation |
t | \
Loss of Synthesis Cell
flagellum of division
and pil flagellin

Fig. 13. Schematic diagram illustrating various developmental and biosynthetic events as a function of the cell cycle of
Caulobacter crescentus. The numbers are fractions of a complete (1.0) cell cycle. (From Dworkin, 1985.)
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e Chemotaxe hraje roh u adherovanych bun¢k

e Caulobacter - volné plovouci bunky - neni
syntéza DNA, anm déleni, ale exprese

MCP - podobnych receptoru - silna chemotaxe.
Pohyb za signaly, dokud nenarazi na povrch
bohaty na substrat - osidleni a mniciace

bunécného déleni. P
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Stalked cell
rep+
CtrA-

chromosome

rep origin

polar Ps Con polar DNA rep

{_] 5 A W (‘) e s T

class II| class IIT| class IV flagellin genes
fliQ | fibG fliL
fliF figH fiiK

cell cycle kinase(s)
protein degradation

B O™ (~50 genes)
:. ........ _?.,.. fliJ (flagellin)
' ?
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* Nékolik esencidlnich transduk¢nich protemniit méni v prubéhu
cyklu bunék Caulobacter svou vnitrobunécnou lokaci
Asymetrické umisténi regulatoru cyklu -
= regulaCni systém prenosu simalil

e Strukturalni analogy aktinu (MreB)
- pFeduréeni tvaru bunék C. crescentus,
Lscherichia coli, Bacillus subtilis

~« Protein bunécného déleni: FtsZ, je protipélem tubulinu
(bakternie tedy vlastni struktury vlaknitého cytoskeletu)

e Crescentin - podobny intermedianim

filamentiim - helixy a zakriveni

- Caulobacter - asymetrické |
samouspofddvini molekuly - varb, | ST

10 days | Overnight




Fig. 2: Crescentin is reguired for the wibricid and helical
shapes of C. crescenius Scale bar, 2 pm.
FPhoto eairted coudesy of Call Press.

Fig. 3. Crescentin colocalizes with the inner cell curvature near the
| membrane. (&) COverlay hetween crescentin-GFP (green) and the
membrane dye FM4-B4 (red) in live merodiploid cres-gfe creld cells.
(B) Immunofluorescence overlay between crescentin (red) and DAPI (hlue)

tainings. Photo marnted courdesy of Cell Press.




Zvlastnosti rustoveého cyklu
mrustova stadia se nutné stiidaji, Zadné neni alternativou, ktera se
nemusi realizovat (viz klidova stadia)

mmatefska burika je v jistém slova smyslu ,,nesmrtelnou buitkou®,
ktera produkuje velké mnozstvi deefinnych buné€k (na rozdil od
konven¢niho déleni, kde nelze striktné odlisit matefskou a dcefinnou

bunku)

R




mCaulobacter crescentus 1€ modelovym organismem pro studium
diferenciace u prokaryot
mvelmi intenzivné studovan

mgenom




. Tekouc1 Vody

. Paplrenske Vody
e Kaly
* Aktivované kaly

Sphaerotilus natans

G- ty¢ky, medium 12

- problém sedimentace

l\\g
(i

and¥some haye thick ellipsoidal

spores (arrows). From Takeda et al.

N= Degradace pochev - bacillus - enzym

So%& cells are irregularly curved,
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mneni zdaleka tak podrobné prozkouman, jako Zivotni cyklus rodu
Caulobacter

mstiidani piisedlé a volné zivotni formy
mvolné bunky bicikate, pohyblne G- tyuky ]
- mpi1sedlé stadium — vlaknita pochva, ktera uzavira tyCkovité ~— "'*1

nepohyblive bunky a je jednim koncem (stopka, holdiast piic ]
k pevnému podkladu ST
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Sphaerotilus natans

OV /BN N -
Im}nejalmky naj d(lll,}ﬂl(ﬁiﬂe; m‘mtanmstredl .
mpiichyti se k podkladu
modhodi bi¢ik
mzacnou tvorit pochvu

mdéli se uvniti pochvy




Sphaerotilus natans

mesozom

bunécna sténa

jaderny material

pochva




MO/ VANV (Vi

Pochva
mtrubicovity utvar, ktery se nikdy nedotyka bunék, casto uzaviena
mmuze obsahovat oxidy zeleza nebo manganu
mfunkce — piichyceni k pevnym povrchiim a zachycovani zivin pro
buniky, ochrana proti predatorim (prvoci, Bdelovibrio)

Vyskyt

| wSphaerotilus

| v pomale tekoucich vodach znecisténych odpadem
ena Cistickach — problematicky vlaknity organismus
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Sphaerotilus natans
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Fig. 14. Sphaerotilus natans. (A) Phase contrast photomicrograph illustrating free cells, sheathed cells, and empty sheaths.
Bar = | ym. (From Mulder and Deinema, 1981.) (B) Electron micrograph of a swarmer cell and an empty sheath. Bar
= | um, (From Mulder and Deinema, 1981.) (C) Electron micrograph of a thin section of sheathed cells, S, sheath; CW,
cteiél wallé;_‘g,)peptidoglyr:an layer; In, intrusion of plasma membrane; Mes, mesosome; N, nucleoplasm. (From Hoeniger
€t al,, A




Stiidani volného a prisedlého stadia u Actinoplanes a
piibuznych rodu

mpiisedlé stadium — vegetativni mycelium, mnoZici se

mvolné stadium  bi¢ikaté spory, které se tvorfi ve sporangiu
(zoospory)

mAclinoplanes — palii mez1 akinomycety, krome téchto 2 stadii se
uplatiinje komplexni rustovy cyklus

e Sporangium: 10 um
« Zoospory v fetizcich

g;ﬁ.;;ﬁ-&;gs’ , nebo ve dvojicich
) A9 _Ch? - Nt i .
€408 5" * Uvolnéne z mycelia

SEU = il )

Micromonosporaceae, Actinoplanes sp.




Pilimelia

mvlasy, chlupy, kuze hadu
mneni znama jako dermatofyt
mbézné v pudé
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Vyskyt
mpuda a spadane listi
mrostlinny a zivo¢isny odpad |« L5 %pilimelia colutpellifera

mjezera, rybniky, feky n‘g | Z %G Vobis)

mprimarné prostiedi se stiidavym vysychanim
mrozsifeny celosvétove — tropy, pouste ...

.-Pﬁbuzn}'/ rod s Actinaplahes
Sporangia s typickymi fetizky spor
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Fig. 18. Electron micrograph of a thin section of a sporan-
gium of the actinoplanete genus Pilimelia, illustrating the
arrangement of the spore chains. sw, sporangial wall; ¢l,
columella; sp, spore. (From Vobis, 1984.)
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