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Komplexni rustovy
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Jednoduché rustové cykly

 Duvodem je adaptace €1 pfiprava (u sporulace) na
zmeny podminek zZivotniho prostredi

e U parazitu: prechod z prostredi téla vyssich
organismu ven
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Jaké& bunécné formy v doménach Bacteria a Archaea

rozeznavame?

e rostouci a dé€lici se vegetativni formy bunék

e struktury dovolujici pfeZiti neptriznivych podminek (cysty
odolné proti dehydrataci, ne vSak proti horku - Azotobacter,

Myxococcus, Sporocytophaga, kdy je cela bunka obklopena
protektivni vrstvou nad bunécnou sténou)

e rody Metylosinus and Rhodomicrobium vytvari




Vegetativni a klidové stadium
Tvorba spor s

e prevazn¢ G+ bakterie

- termorezistentni endospory

Bacillus (aerobni tyCky), Clostridum, T hermoactinomyces a
Desulfotomaculum (anaerobni tyCky), Sporosarcina (aerobni
koky), Sporolactobacillus, Oscillospira, Thermoactinomyces

e Vyjimecné 1 G— bakterie (Coxiella burnetii, pivodce Q-horecky).
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Fndospora, sporulace

... s n€kolika vyjime¢nymi charakteristkamu...

i‘_l x W

* Oproti domén€ Lucaryav bunice pfitomna pouze

AEH Digieal l=age Collection. Slahly

jedna endospora

"Pepudoglykan v kortexu spory je zcela jiného charakteru nez
peptidoglykan samotné bunky vytvarejici sporu

* [Stabilizace makromolekul ve sporfe: pfitomnosti specifickych
bilkovin, dale ztratou vody a jeji nidhradou vapnikem (pouze zde
pfitomna v pfirod¢ unikatni kyselina dipikolinova)

minimalni obsah vody -—- minimalni metabolismus
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* Odolné k pusobeni UV a vy zafeni, vysouseni,
lysozymu, teplotnim zmeénam, nedostatku zivin
a pusobeni mnoha dezinfek¢nich prostredka.
V ethanolu mohou prezivat nékolik meésicu.

e Sporicidni latky:

ethylenoxid, B-propionlakton, koncentrované




e Jednou odstartovany proces sporulace j17
nejde zastavit — regulace v uzlovych bodech

e Asporulani medium - glukéza

Fig. 2. Eleetron micrograph of a thin section of o spere of
Bactiius sphaericus. (Courtesy of Dr. S. Holt.)



P()Z()r()véni endospor vysoce svétlolomné utvary

nepryjimajici Gramovo barvivo

e Pozorovat neobarvené endospory muZeme
tazovym (zafici spory) a Nomarského
kontrastem (plasticky povrch bunky);

e Jednoduchym barvenim nezvyraznime spory Faowk.
samotné, jen vyklenuti bunky (zpusobené
jejich pritomnosti).

Primo obarvit endosporu od
stadia vzniku kortexu je mozné
pouze za horka (prospora

je pro barvivo jesté propustna!).




Malachitova zelen

Strukturalni barveni endospor

* Diagnosticke Gramovo barveni urCi G+ a G- typ
bunécné stény; soubézné strukt. barveni spor u
suspektnich sporulujicich druhti zvyrazni:

* Tvar, velikost a umisténi spory v bunce j¢
dalSim charakteristickym znakem
napomahajicim identifikaci.

* Pi: vZzdy ovalné spory B. cereus, B. anthracis,
Clostridium botulinum, kulaté spory Clostridium

Bacillus. megaterium




* Spory se velmi t barvi 1 po fixaci

Spatmé€ prostupny obal
e Chceme-li spory obarvit, musime

pouZzit koncentrovana barviva za

Exosporium

tepla nebo ruzna moridla.

e Takto obarvené spory se t€Zko odbarvuji kyselinami a jinymi
slouCeninami (pf. alkoholem), ¢ehoz se vyuziva k diferenciaci
SpOT.

e Barvitelnost spor zalezi na:

proto nelze barvicich
metod pouZzivat schematicky




Ulozeni v bunce:

e termindlni = na konci tyCinky

(C. tetanijakoby palicky),

B. stearotermophilus

e centralni (C. Aistolvticum, C. novyi,
C. septicum, B. anthracis, B. cereus)

e subtermindlni = paracentraln¢ =

= mezl sttedem a poélem bunky, nejCasté

(C. botulnum, C. sporogenes, B. brevis)
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e Rozsiteni bunky: C. botulinum, C. tetani,
DBacillus stearothermophilus




Bacillus sphaericus




Medicinsky vyznamn¢ jsou spory
rodu Bacillus a Clostridium

Clostridium botulinum:

_ A sporulujici bunky odolavaji 2-6 hodin teploté 100 °C
e N\ oproti nesporulujicim, které hynou po 30' pti 70 °C!

Spory inaktivovany po 20' pti 121 °C vodni pary pri
2 atm (0,2Mpa) a po 90" - 180' pii 160 - 200 °C suchého




* biopesticidy - Bt toxin transgen -

Bacillus thuringiensis var. 1sraelensis




Bacillus anthracis

Lidsky neutrofil atoc€ici
na Bacillus anthracis

Copyright © 2004 Dennis Kunkel Microscopy, Inc.




Proces sporulace

e Zacina ve faz1 G1 prechodem od binarniho k

asymetrickému déleni OKe studiu sporulace e

e probiha i pfi dostatku zivin, “pouZivino bakteriii rodu
_ . QBacillus, hlavné B. subtllis
hlavné vSak ve stacionarni fazi

Inner spore

Quter spore 0L T F RS
coat

Exosporium




Béhem sporulace B. subtllis muzZeme rozhsit 7 tazi (I -VII),
jeZ lze charakterizovat morfologicky a na molekularné
biologické trovni.

Z.a proces vzniku endospory zodpovida 7 - 8 genil.

, , — Faze (
‘\.nr:l 1L|. Growth Bac TL:[::J’:;L;:\NHH "'ti'.ﬂf“lllpi;:‘;;';“"”"
: o Matefska vegetativni bunika
EﬁerPJ L Wl I'U\P‘ —> [ ”;LJ?IJL,‘TP ] T . v
__) 2l s (sporangium) piechazi v
ree Spore "-"‘;"IJ"J'_-ITP {-.J
: S SR
-""“L'-{l' TI L”“;‘J”' (LJ 'II- I;_II;.II|IL';':=' H* @}] 01 W . W v
. ot Ce e v priubéhu vzniku pFepazky

(na konci G1) je j1Z jasné,
zda vznikne vegetativni
bunka nebo spora

S
A

Stage V

Coat Synihesis Cortex Synthesis




Stage ()
SNormal Growth

(-

f Grermination

Stage VI

\

Froe .'*ipurv

Stage |

Bactenal Division

Stage [l Assymetric
Septation

T

a—

Stage VI Lysis of

)

H.

Stage 111

"1

4

Engultmen

FoL g ey -._:—H"'*
[":J" ;.I;'I: |J'_d.'fl @} ]

Coat Synthesis

Cortex Synthesis

\ ."ui_nl her Cell ,
W) (0 O)
Stage V Stage IV

Faze 1

e T'vorba
axialnich
filament k

e rozdéleni
bakternalniho

chromozomu.

Jeden z prvnich signalu sporulace: vznik kvanta volutinu

dDruhym signilem je zvySeni mnoZstvi enzymi Krebsova cyklu a
hydrolaz, spotreby acetatu
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Cellwall  Cytoplasm €) Spore septum begins to isolate newly replicated
DNA and a small portion of cytoplasm.

Plasma ‘—": e Plasma membrane starts to surround DNA,
membrane @ | cytoplasm, and membrane isolated in stepo,
E\\* p fﬂ-u- -‘:{:\/
Bacterial chromosome (DNA) (‘ /]
il

{a) Sporulation, the process of endospore formation

e Spore septum surrounds isolated portion,
forming forespore.

Two membranes

& )

o Peptidoglycan layer forms between membranes.

/
=t .
(® & )

{b) An endospore in Bacillus anthracis /

) spore coat
forms.

O—@=>

Caopyright € 2004 Paarson Education, Ine., publishing a5 Banjamin Summings.

() Endospore is freed from cell.
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* Kortex
1) vnitrni kortex (20% kortexu) ¢1 st€nu spory
2) zevni kortex (80 % kortexu).

» ZajiStuje nepropustnost (nebarvitelny!)

« Kortex tvoren peptidoglykany (PG).

Jen 20-30 % PG jednotek shodnych s
jednotkami v bunécné sténé.

« Zbylych 50-60 % N-acetylmuramyl-laktam,







The "mother cell” then engulfs the
“daughter” cell, creating a cell within
acell

Inside the "mother cell”, the “daughter” cell
goes through a series of biochemical and
morphing changes to form a spore just like
the original Suzy,

: A IR
he "mother” cell then dies and begins
Sreleazing the sleeping “daughter” cell in a
iprocess called lysing. Others who cannot

get to nutrients are doing the same thing.

i

Only this fime Suzy soon has millions
of copies of herself for company.

2006 by Ed Lake, &All Rights Reserved

The dead "mother” cell diszolves away, And M

Suzy is once again a sleeping spore just as
she was found on that piece of postal

| equipment.

(\ ZZ7
N
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| And 24 hours after she first woke up, the

people who found her know she exists
becauze zhe's in the middle of avizible

colony 2 to B millimeters in diameter.

B

Jedine€né a
charakteristické
struktury spory

e Kalcium dipikolinat

* Proteiny stabilizujici

DNA




Germinace spory - terminalni, centralni

* Germinaci rozumime rychly proces kliCeni spory.

e ZaCina spontanni aktivaci spory

e Aktivace - destabilizaci plasté - pusobenim teploty
70-85 °C po 5 - 10 mun,
dalsi aktivitory: malé organické molekuly, I-Ala,
Ado a Ino, vyssi obsah bazi

vzniklé AMK - stavebni kameny novych protemnu




e Lyticky enzym: p63 => p29




Cysty

Nejsou tolik rezistentni vici teplu

Rezistentni vici vysychani

)

Granula PHB - typicka pro cysty, pritomnosti 1ze navodit

Odlisné obaly - alginaty, ruzné polysacharidy

Nejpodrobnéy popsany u Azotobacter vinelandu,

- mnohovrstevny obal (vn
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castr vyssi hustota), unikatni

Cysta Azotobacter vinelandii




Rustovy cyklus Azotobacter vinelandii
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Methylosinus trichosporium

Emetanotrof, opouzdieny

mexospory rezistentni vuci vysychani a teploté do 78°
mstacionarni faze

mprodluzovani bunky do hruskovitého tvaru

mpuceni na zuzenem konci
muvoliuje se kulata exospora
mza vhodnych podminek klici

e

Tvorba exospory u Methylosinus trichosporium
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PHE granules

e Change in cell shape/

q} loss of motility

Swim cell Swarm cell
o ’ neaktivni
" Liquid - solia

g Husk
Germination

Fig 1, The R. centenum life cycle (Berleman and Bauer 2004)
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Fig. 2. The panels labeled with white numbers show cell
pes observed at points after induction of cyst formation,

he panal with black numbers depicts germinating calls
twelve hours after induction of germination.

Hyper-cyst

I? 3, Wild type cells on the left which contain no cyst
cells am:l hypercyst mutant cell lime on the right that
constitutively produce cyst cells.




