Uvod:

Protokol 6
Pohyb bunky

Pohyb je odpovédi na: gradient chemické latky, teplotu, svétlo, gravitaci, kyslikovy
gradient. Schopnost pohybu a jeho rychlost zavisi na pfitomnosti bicikl, poctu bicikd,
lokalizaci bic¢iki (peritricha reaguji nejpomaleji), viskozité prostiedi, gradientu koncentrace
atraktanti a inhibi¢nich latek, na paméti buiky (Zadny pohyb nesmi trvat dlouho, pro
spravnou reakci musi buiika reagovat na aktudlni podnét — kratkodobd pamét’ receptortt).

Rozmezi rychlosti: 1-100 pum/s.

Bicik

- semirigidni vlaknita struktura, globularni bilkovina flagelin
- zaCina v cytoplazmatické membrang, tloustka 13-20nm
- proti eukaryotnim bi¢iklim: jina stavba, jiné bilkoviny,
pohyb neni vinéni, donorem energie neni ATP ale proud H"
- stavba: bazdlni télisko (G- 4 kruhy, G+ 2kruhy), hacek, vlakno
- vlékno je flagelarnim antigenem, specifické bilkoviny

- tvorba samouspofadavanim

- biciky snadno odstranitelné sklenénou tyéinkou

Filament &
Filament

Hook

- primérni pohyb je rota¢ni; hnaci sila: protonmotivni sila (proud H") (Vibrio Na")
- pfi pohybu se bi¢iky nezamotaji diky naboji
- pohyb doptedu: proti sméru hodinovych rucicek, buiiku tlaci pted sebou

- rozmotani bi¢ik: toeni na mi

sté

- chemotaxe: regulace MCP systémem — po vazbé
atraktantu chemické modifikace proteini membrany: de- a fosforylace a demethylace

- umisténi bi¢iku:

Structure Flagella Type

Monatrichaus

W Amphitiichous

Paritrichous

Lophotrichous

Example

Vibrio choierae

Bartoneila bacififormis

Spirilum serpans

Escherfehia coli

| Salmonella typhimurium

Chi Aizawa, Teikyo University.

(MS a C kruhy) jsou slozkami rotoru.

Tociva sila je generovana mezi statorem spojenym s rigidni konstrukei
bunééné stény (k peptidoglykanu) a rotorem spojenym s flageldrnim
vlaknem. Proteiny MotA a MotB tvoii slozky statoru; FIliF, G, M, a N

FigB, C, F, a G jsou hnaci hiideli (drive shaft). FigH a I (L a P kruhy)
jsou objimkami, které vedou hiidel vnéjsi vrstvou bunééné stény.
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- 6-17 tis.otacek/min
Vlakno:

200-1 000 ot/min
Nerotuje konst.rychle
Pramérna rychlost:
20-90pm/s
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Typy pohybu:
taxe — pozitivni a negativni; chemotaxe, fototaxe, aerotaxe, magnetotaxe
swimming motility — pohyb biciky, plavani
swarming motility — plazivy pohyb kolonii, bi¢iky, Proteus
twitching motility — trhavy, skakavy pohyb
gliding motility — klouzavy pohyb
Diivody pohybu bakterii
% nejcastejsi — pohyb ke zdroji zivin — po koncentraénim gradientu

®,

*» reakce na repelent
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¢ shlukovani bun¢k za icelem vytvoreni plodnice - Myxobacteria
Chemotaxe:

Pohyb bez atraktantu — stfidani pfimého a otacivého, vrtivého. Nahodny.

Pohyb s atraktantem — nizsi frekvence otdceni na misté

Bakterie disponuje paméti na okamzitou koncentraci atraktantu: porovnava prostiedi

s predchozi koncentraci — ve sméru zvysujici se koncentrace se sniZuje frekvence otaceni na
misté.

» Pozitivni (pohyb k atraktantu) a negativni — pozorovani na Petriho misce
= Koncentra¢ni gradient
» Chemoreceptory — v periplazmé nebo na cytoplazmatické membrané
= Atraktanty:
> cukry (odpovéd uz na 10" M koncentraci), aminokyseliny;
» 20 chemoreceptort
= Repelenty
» Dbakt.odpadni produkty, inhibi¢ni agens, barviva, chemické latky
» 10 chemoreceptorQ

Zavislost na prostiedi:
MCP systém celedi Enterobacteriaceae je urc.zptisobem vyvinut u druhti zijicich v prostiedi
bohatém na ziviny, 1isi se tedy od systémi recepce napt.u oceanskych bakterii:

Vibrio furnissii — Zivi se chitinem, vykazuje, silnd odpovéd’ na nizké koncentrace
oligosacharidu chitinu, nikoli na silné atraktans napt.pro enterobakterie (aspartat).
Fotosyntetické Chromatium — pfitahovano H,S (donor elektrontl), coz je repelent pro vétSinu
bakterii.

H. halobium pfitahovano leucinem, coz je repelent pro enterobakterie.

Rhodopseudomonas putida — chemoatraktantem jsou repelenty enterobakterii (benzoat)

MCP systém neni ovliviien riistovym cyklem buriky, , neni zahrnut v udrzb¢ bunky, ale pfti
zvysené intenzité rustu. — pohyb hraje roli pii kompetici limitujicich zdrojt.

Chemotaxe hraje roli u adherovanych bunék

Caulobacter — volné plovouci buniky — neni syntéza DNA, ani déleni, ale exprese MCP —
podobnych receptorti — silna chemotaxe. Pohyb za signaly, dokud nenarazi na povrch bohaty
na substrat — osidleni a iniciace bunééného déleni.

Aerotaxe:




Jedna z nejdiive popsanych taxi. (1883, Engelmann).
Fototaxe:

Fotokineze je sniZeni ¢i zvySeni rychlosti odpovédi na zmény intenzity svétla.

cvwvr

smér svetla. Bakterie — fotofobni. Akumulace ve stinném prostredi.
Néapli cviceni:

- porovnat pohyb bun€¢k Microccocus luteus (pouze Browntliv pohyb) s ostatnimi
- pfiprava nativniho preparatu — Nomarského kontrast
- mikroskopie obarvenych preparat — fazovy kontrast

Mikroorganismy:

Bacillus cereus CCM 2010

P. fluorescens CCM 2115T

Proteus vulgaris CCM 1799

E. coli CCM 3954

Sphaerotilus natans CCM 2349

Micrococcus luteus CCM 169 — pro srovnani nativniho preparatu

POZOROVANI BICIKa

Pozorovani pohybu bi¢iku - visuta kapka
nativni preparat
- kapka suspenze bunék v mediu na podlozni sklo, nepiekryvat kryci, pozorovani
objektivem 20, nezanotovat!! Nomarského kontrast. Pro vitalitu bunék je diilezity
dostatek kysliku (citlivejsi buiiky se hybou jen nahote). Je nutno opatrné proostiovat
na horni ¢ast kapky — dostatek O,.

Barveni bicikii:
Zavisi na zpisobu kultivace. Kultivace bunék vhodna v tekutém mediu.
Staré bunky odhazuji biciky.

Fixace, specialni barvici metody pro svételny mikroskop. Barvicka obsahuje
motidlo tanin, které se obali kolem bic¢iku, jeho primér se zndsobi a zviditelni.
Postup:

a) opatrn¢ pfipravime nativni preparat na odmasténé podlozni sklicko

b) opatrné prekryjeme krycim sklem

c) vedle kryciho sklicka kapka barvicky

d) prosajeme filtracnim papirem

e) pozorovani pod imerzi

Barvicka na barveni bicikii: roztok I (10 dilt) a IT (1dil), zamrazeny

Roztok I: 10ml 5% vod.roztoku fenolu, 2g taninu, 10ml Kal (SO4), . 12 H,O
Roztok II: nasyceny roztok krystalové violeti (12g) v ethanolu (10ml, 96%)

(Pozn:_Elektronova mikroskopie - negativni barveni, otiskové preparaty po rychlém
zmrazeni na -150 °C)




Agar na testovani pohybu:

Obsahuje nizké mnozstvi agaru — je to polotekuté medium (niZ§i viskozita prostiedi).
Na polotekuty agar se ockuje vzdy jen do stfedu misky, aby se rozristala 1 kolonie. Nejlépe
klickou, trosku zanofit do agaru. Pohyblivé kultury udé€laji rozristajici se kruh, nékdy vinici
se. Nepohyblivé rostou jen v misté vpichu do urcité velikosti. Vysledky za 3-5 dni.
Slozeni do 100ml deminerailzované vody: yeast extract (0,1g), K» HPO 3 (0,01g), agar (0,2g).
S miskou se nesmi hybat.

motility test medium, polotekuté
Pohyblivy kmen roste i mimo inokulaci — v celém mediu

Proteus mirabilis| Dynamika rustu kolonie:

*Solidni stied Periodicita migrace
*Povlak Diferenciace plazivych
*Konsolidovana z{ bun¢k

*Terasv *Lag perioda ptedchazejici
migraci

*Migrace plazivych bunék
Dediferenciace

oK ananlidace

Regulace diferenciace

Impuls
pevna puda, viskozita prostredi

mechanicka zabrana rotace bi¢ikd
chemotaxe — glutamin

Nasledek piedani signalu

inhibice déleni

vlédkna az 80 um

hyperprodukce flagelinu: 5000 az 10000 bicika

Zpiisob Sifeni
1.Posuvem

z konsolidovaného okraje kolonie, kde jsou buniky jiz
diferencovany a lem je organizovan

2.Volnym putovanim

z populace vegetativnich bunék, kde zacina diferenciace

Swarmer Cell

’Cyklus diferenciace

e

Differentiation ,

prencované bunky na okraji

.....

Swimmer Cell e Consolidation 4

R.Belas, University of Maryland
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Bacterial swarming and cell differentiation

- Steady growth

(hard media)
edium
(a) .
Swarming on
surface
(soft media)
(b)

Internal to medium

-chemotactic rings

[ EES |
(c)

= Mixed behaviour

Fig. 1. Cross-sections illustrating different methods of colony expansion for
S. liquefaciens: (a) displays steady growth on hard media in which fluid is unavailable
to the bacteria. (b) occurs when the bacteria are able to extract fluid from the media in
order to swarm, and (c) is observed with very soft media for which the bacteria can
swim in fluid channels within the media itself. (d) can occur for media of intermediate
hardness between (b) and (c)

(d)

Internal
swimming Swarming

Speed of colony expansion

/ Slow growth

Hardness of medium

Fig. 2. A bifurcation diagram depicting the varying strategies for bacterial colony
expansion from experimental observations. Here, we show the effect of varying the
hardness of the medium (achieved by varying the agar concentration) and keeping the
available nutrients fixed. Note that the curves overlap, and the bacterial colony can
“select” either mechanism, or sometimes both

Bees a kol. (2000): The interaction of thin-film, bacterial swarming and cell differentiation in|
colonies of Serratia liquefaciens. J. Math. Biol., 40: 27-63




Swarming of Servatia liguefaciens

Figure 1. A swarming colony of 5. liguefaciens approx. 600 min after inoculation. The
agar concentration 1s 0.6% (w/v) and the casamino acid concentration is 0.2% (v/v). The
shading 1s due to the hight source reflecting off of the surface of the mostly transparent
culture.
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swarmer cells is visible at the edge of the colony.

Figure 2. Close-up of the edge of a swarming colony. A menolayer of long, fast moving

574 M. A Besesetal
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Figure 3. Different morphologies of the colony under different growth conditions quanti-
fied by the agar concentration (ac). (a) Diffuse submerging with well-packed non-swarmer
colony en surface; very soft surface, ac <« 0.4%. (b) Diffuse submerging with swarmer
colony on surface; soft surface, 0.4% < ac<0.6%. () Swarmer colony on surface only;
intermediate surface hardness, 0.6% < ac = 1.2%. (d) Well-packed non-swarmer coleny
on surface; hard surface, 1.2% = ac.

Swarming of Serrvatia liguefaciens
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Bees a kol. (2002): Quantitative effects of medium Hardness and Nutrient Availability on the
swarming motility of Serratia liquefaciens. Bulletin of mathematical Biology. 64: 565-587
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Figure 3.33  Flagellar Distribution. Examples of various patte
flagellation as seen in the light microscope. (a) Monotrichous pol
(Pseudomonas). (b) Lophotrichous (Spiriflum). (¢) Peritrichous
(Proteus vulgaris, x600). Bars = 5 um,



3.34 The Ultrastructure of

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

b) 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.

) nm.

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

This diagram shows some of the components required for chemotaxis
toward the amino acid aspartate. Information flows from the outside
of the cell (shown at the top) by way of porins, the periplasmic space,
and the cytoplasmic membrane, to the inside of the cell (shown at the
bottom), and then to the flagellar motors (not shown). Dashed arrows
indicate physical displacement of chemicals by diffusion. Solid
arrows  indicate  chemical modifications of proteins—
phosphorylation or methylation. The cytoplasmic components, all
Che proteins (CheW, CheA, CheR, CheB, CheY, CheZ), are
identified by their fourth letter only. The receptor complex consists of
two molecules of Tar, two of W, and two of A, with Tar spanning the
cytoplasmic membrane. Chemoreception is depicted in orange,
signaling in green (for “go”), adaptation in red (for “stop”). Tar is a
protein required for taxis toward aspartate and away from certain
repellents. ATP is adenosine triphosphate, the phosphate donor. SAM
is S-adenosylmethionine, the methyl donor. The other chemicals
shown are ADP, adenosine diphosphate; SAH, S-
adenosylhomocysteine; CHj, the methyl group; CH;0H, methanol;
and P, inorganic phosphate.




Tumble Run

340 Directed Movement in Bacteria. (¢) Random
nt of a bacterium in the absence of a concentration gradient.
ing frequency is fairly constant. (5) Movement in an attractant
umbling frequency is reduced when the bacterium is
up the gradient. Therefore runs in the direction of increasing
are longer.

Figure 3.32  Flagella and Fimbriae. The long flagella and the
numerous shorter fimbriae are very evident in this electron micrograph
of Proteus vilgaris (<39,000).

www.maths.gla.ac.uk/~mab/papersub.html

www.nysaes.cornell.edu/pp/faculty/hoch/movies/

www.rowland.harvard.edu/labs/bacteria/index.html
http://www.rowland.harvard.edu/labs/bacteria/projects filament.html

http://www.aip.org/pt/jan00/berg.htm

www.medmicro.wisc.edu/.../research/index.html

www.buddvcom.com/bacteria/gnr/gnrgluox.html
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