Vlaknité utvary na povrchu bunky

Taxe bakterialnich bunék
Vybrané principy bakterialnich signalnich drah
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Bakterie detekuji 2% zménu koncentrace
Bakterie vyhodnocuji zménu gradientu koncentrace v prostoru i v Case

Chemotaxe je jednou z nejprozkoumanéjsich signalnich drah
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Signalizace
rozpoznani vyznamnych a nevyznamnych signal

= sité pro regulaci prepisu genli nebo pro prenos signalu

- monitoring environmentalnich a vnitrobunécnych déju a
nasledna odpoveéed

- evoluce senzord, receptoru a prenasecu signalu — pro
maximalni citlivost a zaroven inhibice neustalé stimulace

- adaptace: na atraktant/repelent kovalentnimi modifikacemi

struktur receptoru m
senzory
- design chemoreceptoru konzervovany

chemoreceptor
—/

/

0
Nature. 2004 Apr 1;428(6982):574-8. O
From molecular noise to behavioural variability in a single bacterium. pFenaéeée signélu
Korobkova E1, Emonet T, Vilar JM, Shimizu TS, Cluzel P.



http://www.ncbi.nlm.nih.gov/pubmed/15058306
http://www.ncbi.nlm.nih.gov/pubmed?term=Korobkova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15058306
http://www.ncbi.nlm.nih.gov/pubmed?term=Emonet%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15058306
http://www.ncbi.nlm.nih.gov/pubmed?term=Vilar%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15058306
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimizu%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=15058306
http://www.ncbi.nlm.nih.gov/pubmed?term=Cluzel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15058306
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Organizace signalnich drah

(i) Pestra struktura signalnich protein(

(ii) Tok informace od N-konce senzoru k C-doméneé prenasece (N-to-C flow)
(iii) RGzné receptory se shoduji v senzorickych sektorech

(iv) Jeden signdl muze spoustét vice Urovni/drah odpovédi

(v) Posel signalni drahy cAMP (aktivator proteinkinaz) a cyklicky diguanylat
(vi) Souhra signalnich drah.

Experimenty: 3D a 4D struktury domén, charakterizace domén receptor
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* Prenos informace i v populaci bunék

Regulace chemotaxe

e Spociva v samotné strukture a interakcich protein( sité drah
 Chemoreceptory s proménlivymi senzory

Senzory
rozeznavaji
serin,
aspartat,
maltdzu,
ribozu,
galaktézu a
dipeptidy




Tar - aspartat

Tsr —serin

Tap — peptidy

Aer - redox
detektor

http://www.flickr.com/photos/microbeworld/5786278737/
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http://www.flickr.com/photos/microbeworld/5786278737/

Low receptor density High receptor density
Loose clusters Compact clusters
Low cell density High cell density

Preference for serine Preference for aspartate

Prostorova organizace
senzoru

Proteiny chemotaxe a pohybu
rozmisténé do MML klastra.

Kryoelektronova mikroskopie

Receptory funguiji jako signalizujici di- nebo
trimery; amplifikuji a integruji chemotaktické
signaly.

Chudé medium - vysoka hladina exprese
receptort a jinych chemotaktickych proteina.
Zvysuje hustotu a kooperaci receptorti.

Regulace preference ligandu.




Chemotaxe — strukturné-funkcni vztahy

Vysoce konzervované chemoreceptory — Eubacteria, Archaea
e Studie: E. coli a salmonela
- multimer na jednom nebo obou pdlech bunky
- histidin proteinkinaza CheA
- SH3-like adaptor protein CheW
- fosfoprotein fosfataza CheZ

» Tisice regulacnich proteinl a proteinl pro prenos signalu
* Objevena diverzita od modelovych MO

- velikost a topologie chemoreceptor(

- modus signalu

- pritomnost pridatnych CPL proteinl prenasejicich signal




Mechanismus chemotaxe E. coli

Regulace pomoci MCP systému
MCP = ,methyl accepting chemotactic protein“
vazi se na néj proteiny CheA a CheW — enzymy cytosolu (1)
CheA = autofosforylujici membranova kinasa ( CheA-P)
CheA-P prenasi fosfat na CheY (2)
CheY-P spousi motor biciku a pohyb (3)
CheZ — fosfatasa, desfosforyluje CheY-P(4)

Attractant 4‘*0 MGChanismus
chemotaxe

Bez atraktantu —
rovnovazny stav
mezi CheA a CheY

Figure 3.41 The Mechanism of Chemotaxis in Escherichia coli. The chemotaxis system is designed to control counterclockwise (cew)
and clockwise (cw) flagellar rotation so that E. coli moves up an attractant gradient by a sequence of runs and tumbles. See the text for a
desttiption of the process.

{ Flagellar
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Vlaknité utvary na povrchu bunky

Frokaryote

Eukaryote
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Prokaryota vs eukaryota

rotace biciku kolem vlastni osy
— pouze u prokaryot
motor — jeho rotacni pohyb zpUsobuje pohyb celého biciku

pohanén proton motive force (pmf) — pohyb protonu pres
cytoplazmatickou membranu

vyjimka — alkalifilni bacily — pohyb ionti Na =, Na motive force”

Sperm

Attractant R Bacterium




Pohyb bakterialni bunky
spojeno s pohybem po tkanich/sliznicich
e swimming motility — pohyb biciky, plavani
e swarming motility — plazivy pohyb kolonii, biciky, Proteus
* twitching motility — trhavy, skakavy pohyb — pr. Neisseria gonnorheae, pili IV
* gliding motility — klouzavy pohyb

K-12
(RP437)

Crooks W

Terasovity rlst — stridani fazi
Proteus

Motility medium _ . _
Swarming motility — kmeny E. coli




Duvody pohybu bakterii

nejcastéjsi — pohyb ke zdroji zivin (c gradient)
reakce na repelent
shlukovani bunék za ucelem vytvoreni plodnice — Myxobacteria

Intenzita odpovédi zavisi na teploté, poctu biciku, viskoziteé..




Vnitrni faktory ovliviujici pohyb

e pocet biciku

* J|okalizace bicik

e dostatek redukcnich ekvivalentu

maonotrichous amphitrichous
\—\\ Wi/
( ]1‘ :‘-~. /CD
/T K "
lophotrichous peritrichous peritrichous flagella polarflagela |

B
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of a bacterium in the absence of a concentration gradient.
J‘requency is fairly cunstant (h) Movement in an &ttrantant

] IJhe gradient. Therefore runs in the direction of mcrea'aing
: longer.



http://www.ncbi.nlm.nih.gov/pubmed/21205908
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Bakterialni bicik

e semirigidni vlaknita struktura

1 — 4 proteiny — flagelin

Filament

 podobna stavba u vsech dosud

Lring

P ring

zkoumanych druht bakterii
* tloustka 13 -20 nm —
e 1—100 mm/s - G-

Sring
Mring

e atraktant— faktor

motility test medium
(polotuhé medium)




Komponenty biciku:

FLAGELLAR FILAMENT

HOOK

v V4 ’ vgs ] II-:"IEEETMNE
e vzdy bazalni télisko — | T’//
| ] E:'TEHDIJGL‘I'C.EH
G' 4krUhy (CM, PG d VM) e /]mﬁé‘ﬁﬁh’é“‘”
G+ 2 kruhy : —
* hacek (hook) SO o

e vlastni vlakno (jen to antigenem)

e Bazalni télisko zustava po odstranéni bicikového vlakna,
to je do 20 az 30 min dosyntetizovano

ATP synthase motor




INATURE'S OUTBOARD MOTOR |

Despite the intricacies of the bacterial flagellum, biclogists are unravelling its workings and making great headway in understanding
how the nanoscale appendage evolved
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Flagellum

Flagellar hook

—

Peptidoglycan —

Plasma membrane —

Flagellum in a Gram-positive bacterium

Flagellum

—0uter membrane

= Peptidoghycan

—Periplasmic space

Plazma membrane

Ba=al plates

Flagellum in a Gram-negative bacterium
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.S. - kluzné lozisko -
tam se otaci osa, hacek pro ohyb

Filament

Biological education. Microbiology. Gram-positive bacteria.

Flagellum of gram-positive bacteria

Flagellum

Peptidoglycan
layer

Periplasmic
space

memsrane (00O0NOCARENOUAXRNN




Tvorba:

Samousporadavani — ,,self-assembly”
molekuly flagelinu jsou stfedem vlakna transportovany na konec, vazba
na konci bez enzymu, dosyntetizuje se vzdy do stejné délky.

Flagellin

i

i Sl Outer
“A#‘_é membrane

S s "
\.:u b e — Peptidoglycan
\E‘i—'_,.'—/‘) =

e .WWW _ Plasma

... &/ membrane

Figure 3.36  Growth of Flagellar Filaments. Flagellin subunits
travel through the flagellar core and attach to the growing tip.

Geny pro vystavbu biciku: HAP 1, 2, 3...

Macnab, Robert M. “How Bacteria Assemble Flagella.” Annu. Rev. Microbiol. 57:77-100. 2003.




Selfassembly....




e supramolekularni komplex
 molekul.hmotnost flagelinu vétsi nez pilinu
* flagelarni antigen
e zacina v CM (oproti fimbriim)
» délka biciku nékolikanasobné vetsi nez délka bunky

* biciky Ize snadno odstranit sklem
PO PR o




Ultrastruktura b

iCiku

334 The Ultrastructure of

‘egative Flagella. (¢) Negatively stained
from Escherichia coli (x66.000). Arrows
the location of curved hooks and basal

h) An enlarged view of the basal body of

Ii flagellum (x485.000). All four rings

and M) can be clearly seen. The uppermost
at the junction of the hook and filament.




usporadani: taxonomicky znak

Structure Flagella Type Example
Menotrichaus Vitrio ohclaras
%@ Lophotrichous Bartornela baciliformiz
Amphitrichous Spinflum serpens

Paritrichaus Escharichia coll




Pseudomona
S

Proteus vulgaris =

(c)

Figure 3.33  Flagellar Distribution. Examples of various patte

flagellation as seen in the light microscope. (¢) Monotrichous po

(Pseudomonas). (h) Lophotrichous (Spirillum). (¢) Peritrichous
Spiri lum (Proteus vulgaris, x600). Bars = 5 um.

S



Pozorovani pohybu biciku —
visuta kapka

Agrobacterium

- dllezity dostatek kysliku

v temném poli a intenzivnhim
svetle

Pozorovani bicikli samotnych - S—

— svételny mikroskop po
spec. barveni (obaleni
biciku vrstvou moridla,
znasobeni a zviditelnéni
jeho primeéru)

' -’E‘&&

— elektronovy mikroskop —
negativni barveni

otiskové preparaty po
rychlém zmrazeni na -150 C

Spirillum volutay




2)  po celém povrchu — peritricha
(Proteus vulgaris, Agrobacterium).
 Pohyb dopredu:
- shlouceni bi€ikt a pohyb proti
sméru hodinovych rucicek.
* naboj
* Rozpleteni = krouceni bunky na
misté

,Chce-li* se bufika pohybovat jednim
smerem, namota biCiky, které jsou ve
smeru pohybu, na sebe a je tlacena
biCiky druhé strany

(d)

ﬁ Figure 3.37 Flagellar Motility. The relationship of flagel
rotation to bacterial movement. Parts (a) and (£) describe the me
monotrichous, polar bacteria, Parts (¢) and (d) illustrate the mov
of peritrichous organisms.
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clockwise:
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* vnéjsi faktory ovliviujici pohyb:

magnetické pole Zemeé (zvl.struktury — magnetosomy (Aquaspirillum) od
dvou do nékolika desitek, uvnitf Ci ve stredu buriky, malo v blizkosti
jadra)

chemotaxe (odpovéd na zmény ve vnéjsim prostredl funguje i pri
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Plazivy pohyb kolonii (swarming)

Proteus, Vibrio

pohyb indukovany kontaktem s tuhym médiem
delSi bunky, vice biciku

oblak, roj bunék, ktery se pohybuje koordinovanym
pohybem

ma schopnost prerustat i vyvySené utvary na médiu
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Quantitative measurements of their growth show that a population of bacteria
that migrates on a surface grows at constant density, similar to bacterial growth

in a continuous culture such as a chemostat.

Surface Growth of a Motile Bacterial Population Resembles Growth in a Chemostat. Daniel A
Koster, AviiMaya, Anat Bren and Uri Alon. Journal of Molecular Biology, 2012 Dec 7;424(3-4):180-
91. doi:10.1016/j.jmb.2012.09.005.




S-engine

Klouzavy pohyb (Gliding motility) === '«

-t i
:'..'1_‘. ’ . :
7 v/ -d..l. " -I!- ‘:‘:I
na pevnych povrsich e A
i i , - S, £
mechanismus nejasny o i >
pmf patrné zahrnuty B il L

prizpusobeni — slizy, surfaktanty, struktury podobné motoru v BS, specif.
membranové komponenty, které tvori reverzibilni vazbu se substratem,
actine-like systém

Makoto Miyata, profesor Osaka City University zkoumal klouzavy pohyb
Mycoplasma mobile

Za pomoci cytoskeletarnich filament udrzuji nesféricky tvar. (,They look
like schmoos that are pulled along by their heads. How they are able to
glide is a mystery“.)

Direction of cell gliding A-engine

Fili pull by Slime

= I =
) :_,;r_l secretion
- "4 Miyata, M., Ryu, W.S., and Berg, H.C. "Force and velocity of

Mycoplasma mobile gliding." J. Bacteriol. 184, 1827-1831 (2002).




Klouzavy pohyb - tvorba plodnice myxobakterii

Vegetative growth Low nutrient

Ripples

Predation

Mounds

Swarms

Heterotrophic
growth

Peripheral rods

Germination

Fruiting bodies
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e
S —-_ {(MotB)

the substratum at one end, and
connect to cytoskeletal filaments at
the other end. Motor proteins push
backward (marked by small arrows)
against those focal adhesion
complexes, pushing the cells
forward.

// i \\\
Direction of gliding
Agls | (MotB)

Interakce proteint zahrnutych do
klouzavého pohybu.

Cytoskeletal
Motors laments

Focal adhesion
complex




Biciky archebaktérii

7 o

- strukturni a funkéni podobnost bakterialnim bicikum

Rozdily
- pohon ATP (mechanismus neznamy)

- bicik nema centrdlni dutiny — nemoznost dorustani od konce
- koordinovany pohyb vice filament
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PILI - fimbrie

* RuUzné velké, typicky u G-
e struktura B.S, stovky

e duté, vzdy nepohybliva trubicka - 3, 4 nebo 5 vlaken stocenych do
spiraly - pilin

* kratSi nez bicik
- @2-8 nm, délka 0,1 — nékolik nm, 3-5 molekul

* Fce: prenos DNA konjugaci, prichyceni fagu
Pohyb (twitching motility); adheze k nenabitym povrchiim




P gne . B
"::*5:‘-;'..

Figure 3.32  Flagella and Fimbriae. The long flagella and the
numerous shorter fimbriae are very evident in this electron micrograph
of Proteus vulgaris (x39,000),

17.10.2014




PILI — fimbrie - typy

 koédované chromozomalné
» specificka kolonizace u symbiont(, paraziti a patogen(

Pr: Vibrio cholerae O1, E.coli — uropatogenni P pilus, adherentnce fimbrie +
enterotoxin E. coli)

 sex fimbrie - kddované konjugativhim plazmidem u donora DNA, mustek pro
plazmid (F pilus u E.coli, konjugativni plazmidy salmonel)

barveni :
- kys.fosfowolframova
- kys. osmicelova
IV.
,odskoceni“ bunék streptokokl zpusobuje ,vroubkovani“ kolonii




Prenos DNA — pilli?? Proteinové kanalky??

Transformation and conjugation permit the passage of DNA
through the bacterial membranes and represent dominant
modes for the transfer of genetic information between bacterial
cells or between bacterial and eukaryotic cells. As such, they
are responsible for the spread of fithess-enhancing traits,
including antibiotic resistance. Both processes usually involve
the recognition of double-stranded DNA, followed by the
transfer of single strands. Elaborate molecular machines are
responsible for negotiating the passage of macromolecular
DNA through the layers of the cell surface. All or nearly all the
machine components involved in transformation and
conjugation have been identified, and here we present models
for their roles in DNA transport.




Curli

* Proteinové komponenty Enterobacteriaceae
* forma amyloidnich vlaken (strukturou);

* Proces jejich samousporadavani proto model formovani amyloidnich

vlaken (napft.pfi vyzkumu Alzheimerovy, Huntingtonovy choroby a onemocnéni

zplsobenych priony)

* Objeveny 1980

* Adheze na povrchy, agregace bunek, formovani biofilmu, invaze do

hostitele
* Indukuji zaneét

H{ Barnhart MM, Chapman MR. 2006.
| Annu, Rev, Microbiol, 60:131-47

http://www.ncbi.rilm.nih.gov/pubmed/16704 339

Periplasm 1

B T —
\ W o

l\i Barnhart MM, Chapman MR. 2006.
Annu, Rev, Microbiol, 60:131-47




bakterialni bunky

Priklady faktoru ovlivnujicich
morfologii a funkci struktur
bakterialni bunky

In vivo?? In vitro???




Cytoplazma

* Prostorova organizace (vysoky stupen)

- Fizeno ATPazami, protonovym gradientem
membrany, aktinovymi vlakny — udeluji polaritu

- maximalni hustota a rychlost a specifita reakci

 Mobilizace cytoplazmy (difuze? X)
— fizeno IR zarenim a generovanim vody exkluzni zény

 Mikroskopicka struktura - gel




Nukleoid, plazmidy

* ATPaza ParA
- aktivni rozdélovani nizkokopiovych plazmidu
- par-geny i na chromozomul!

- par-geny koduji — centromeru a trans-acting
proteiny a,b

e TEM
* Nukleoid jako biosenzor — detekce Hg....

 HU proteiny — konzervované; nadsroubovice, 3D,
+ ncRNA — komplex — architektura chromozomu




Ribozom

* Pritomnost antibiotik v prostredi?
e Okamzik bunécného cyklu?
* Hladovéni bunék — degradace ribozomu...




Biogeneze CM membrany

 Pri kolonizaci u parazitu
e shift

e Cilova lécba: ovlivnéni mechanismu
transportu beta-barelu




Bunecna sténa

e Tvar bnky — souvislost s cytoskeletem

* Ovlivnéni komplexu syntetizujicich PG - ATB




Polarita bunky

e Zabezpecuje:

- pohyb za atraktantem

- pohyb bunék pro tvorbu kolonii

- vstup do hostitele u parazitu

- adheze (Bradyrhizobium — korinky)
 ATPazy — pohyb a tvar DNA a struktur

The phrase ‘diffusion-and-capture’ has been coined to identify the mechanism by which a
protein moves to a specific location by signals encoded within its primary structure, and is
thencaptured by a target protein (Rudner et al., 2002; Shapiro et al., 2009)




Vnejsi struktury bakterialnich bunek vs.
bunky hostitele — adheze, invaze a
remodelace hostitelskych bunek

Jak jsou indukovany zmeny nekterych struktur
bakterialni bunky, a jak tyto struktury pusobi na
prestavbu bunky eukaryotické




Eukaryoticky cytoskelet a
jeho modifikace vlivem patogenu

Tendence — vzdy vhodna nika pro preziti
Ovlivnén viry i bakterialnimi patogeny

Regulace cytoskeletu vazbou na receptory Ci vstupem do bunky, a to:
e Bakterialni toxiny
e Aktin-regulujici GTP-vazajici malé proteiny

Cytoskelet hostitele slouzi k:

- prilnuti, vstup do bunék, pohyb uvnitf a mezi bunkami, formovani
vakuol a remodelace,

zabrana fagocytozy...




Patogenita bakterii a eukaryoticky
aktinovy cytoskelet

a) Intracelularni patogeni

hraje roli pfi zménach (pohybu bunky a pohlceni bakterie) euk.CM pfri
fagocytoze
a) interakci bakterialnich produktu s receptory cytoplazmatické membrany
za regulace cytoskeletu

b) primym vstupem produktd do bunky
Intracelularni patogeni vlastni ligandy reaguijici s receptory a sekrecni
systém IV typu translokuje molekuly efektor( do cytoplasmy
Takto bakterie svymi produkty manipuluji aktinovy cytoskelet pro promote
jejich proliferaci
Stimulace polymerace aktinu a zvySena fagocytdza bakterii!!

Rychlé ndsobeni poctu bakteridlnich bunék ve tkanich




aktinovych vlaken

* Tim zabrani pohlceni a natraveni eukaryotickou bunkou




Faktory adheze Clostridium difficile pri prilnuti
na lidské enetrocyty ve strevé

e Studium — monovrstva bnécnych linii stfevnich bunék (strevni
epitelialni Caco-2 a sliz produkujici HT29-MTX), nikoli in vivo!

e Rust za zahrivani a v pritomnosti krve
* Mikroskopie: SEM

* Interakce bakterii s microvilli epitelu, silna vazba na bunky
mukozni vrstvy

e Byly pozorovany hlavné dva povrchové-vazebné protejny 12 a
27kDa




Pruchod salmonel epitelialnimi burikami

Intracelularni parazity
Vstup do vakuol, replikace

V pritomnosti povrchu epitelialnich bunék se indukuje syntéza
nékterych proteinu dulezitych pro adherenci a invazi

Indukce proteinu stimulovana trypsinsenzitivnimi a
nueraminidazasenzitivnimi strukturami epitelu
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Prestavba cytoskeletu provazejici prostup
salmonel epitelem

« Metodika: konfokalni mikroskop, imunofluorescencni a elektronovy

« Po vstupu do vakuol buniky salmonel obklopeny 5-10 um struktur
cytoskeletu

- rozsahlymi agregaty polymerizovaneho
aktinu, alfa-aktininu a tropomyosinu kratce po prichyceni (20-60 min) a
tato vlakna zmizela po internalizaci

- tubulin rovnéz agreguije..

- studie: aplikace inhibitoru mikrofilament — cytochalasin D, ktery blokoval

bakterialni internalizaci, ale nebranil akumulaci polymerizovaného
aktinu

Salmonela po vazbe na povrch spousti prestavbu cytoskeletu
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Prestavba cytoskeletu vlivem proteinu
Neisseria gonorrhoeae

e Vstup do bunék tkanové kultury po vazbé Opa
(opacity outer membrane proteins) na
proteoglykanove receptory

e Cytochalasin D — latka prerusujici
mikrofilamenta - opét blokoval vstup bunék

* Opeéet akumulace aktinovych filament kolem
bunek pri jejich vstupu do hostitele




Moznosti studii funkce struktur OMP

Znameé sekvence genu pro invaziny
Transformace modelovych MO (pr: E. coli) t€mito geny

Plasmid s genem fuzovanym s genem pro beta-
laktamasu ve vedouci sekvenci = E. coli (opa)

Oproti netransformovanym E. coli adherovaly na bunky
urciteho epitelu

Kinetika a stupen invaze byly porovnatelné s hodnotami
pro Opa+ N. Gonorrhoeae

Metoda studiua invaze: TEM

Invaze inhibovana: cytochalasin D

TEM prokazala: bunky infikovaneho epitelu vykazovaly
dramatické snizeni filamentu







