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Rustove cykly bakterii
miednoduché — stiidaji se 2 stadia
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Chilamydia Infectious Cycle

HE = EB transition

Migration to perinuclear
area and EB -= AB
transition

Inclusion biogeness
and bacterial
replication




Komplexni rustovy

cyklus myxobakterii
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Deleni bakterialnich bunek

Déleni binarni
Déleni asymetrické
Déleni vedouci ke vzniku diferencovanych populaci

Stav bunky pred delenim...

Bunka vs. populace bunek



Reprodukce bakterii

 Generacni doba
— v optimalnich podminkach 20-30 minut

* Replikace DNA trva déele nez je generacni doba
— dichotomni replikace DNA
— pouze u bakterii

= jedna bakterie se deli naraz nekolikrat s Casovym
Zpozdenim



Bunka — generacni doba

Generacéni doba

Bakterie Medium .
(minuty)

Escherichia coli Glucose-salts 17

Bacillus megaterium Sucrose-salts 25

Streptococcus lactis  Milk 26

Streptococcus lactis  Lactose broth 48

Sl Heart infusion broth  27-30

aureus

La.ctoba.czZluS Milk 66-87

acidophilus

Rhizobium japonicum Mannitol-salts-yeast 344-461
extract

Mycobacterium Synthietic 792-932

tuberculosis

Treponema pallidum  Rabbit testes 1980
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« Studie — vyvoj novych terapeutik branicich déleni
bunék...studium struktur a procesu déleni



THE STANIERIA
LiFE CYCLE:
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Planctomycetes, Cyanobacteria, Firmicutes sinice




THE EpPULOPISCIUM
LiFE CYCLE:

mother cell offspring

B \
e W—
Ifed
A / C\ gpfg;ring

‘E - s 5

)
> >

nﬂ'spn ng

Epulopiscium spp., Metabacterium polyspora,



Some Selected Reviews about Division and Unusual Modes of
Reproduction

« Alternatives to binary fission in bacteria. E. R. Angert. Nature
Reviews Microbiology (2005) vol. 3, pp. 214-224.

« Patterns of growth and development in pleurocapsalean
cyanobacteria, J.B. Waterbury and R.Y. Stanier. Microbiological
Reviews (1978) vol. 42, pp. 2-44.

« Bacterial mitotic machineries. K. Gerdes, J. Mgller-densen, G.
Ebersbach, T. Kruse and K. Nordstrom. Cell (2004) vol. 116, pp.
359-366.

« Bacterial cell division and the septal ring. D. S.
Weiss. Molecular Microbiology (2004) vol. 54, pp. 588-597.



Rustove cykly bakterii

-je:dunduché — sti_‘ida_ii se 2 stadia

erostouci a klidoveé

epi1sedlé a volné

einfekéni a reprodukéni

mkomplexni s vice nez 2 vyvojovymui stadii

emyxobakterie

mrustove cykly vedouci ke vzniku diferencovanych populaci
esinice - Anabaena




Jednoduché rustové cykly

« Adaptace Ci priprava (u sporulace) na zmény podminek
zivotniho prostredi; nikoli odpoved!

« U parazitu: prechod z prostfedi téla vyS$Sich organismu

@
otiae T : developing
cell @ spore coat
ASM LNgital Image Collection. Merkel




Jaké bunecné formy v domeénach Bacteria a
Archaea rozeznavame?

vegetativni formy bunéek

cysty odolneé proti dehydrataci, ne vsak proti horku -
Azotobacter, Myxococcus, Sporocytophaga

endospory - odolna klidova nereproduktivni stadia
- hl. u G+, vy].G-

exospory - rody Metylosinus and Rhodomicrobium
konidie - asexualni reprodukcni struktury aktinomycet




Vegetativni a klidove stadium
Tvorba spor EEETr

e prevazné G+ bakterie

— termorezistentni endospory
Bacillus (aerobni tyCky), Clostridum, Thermoactinomyces a
Desulfotomaculum (anaerobni tyCky), Sporosarcina (aerobni koky),
Sporolactobacillus, Oscillospira, Thermoactinomyces

* Vyjimeéné i G— bakterie (Coxiella burnetii, pivodce Q-horecky).

* G- bakterie — cysty I
Méné rezistentni, odolné zejm.vudi
vysychani Azotobacter, » i
Methylosinus v .
< - 10um _
@© 0 spory obarvene varem

Azotobacter — cysty v malachitové zeleni ¢

.
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Clostridium difficile C. perfringens L a®” g Sy
Sporosarcina ureae —
- kulaté spory uvnitf
" & ¢tverice (balicku) bunék




Endospora, sporulace

.. S nékolika vyjimeénymi charakteristikami...

Oproti Eucarya - pouze jedna endospora
Peptidoglykan v kortexu spory

Stabilizace makromolekul ve spore:
- bilkoviny, ztrata vody a jeji nahrada vapnikem

minimalni obsah vody ----- minimalni metabolismus

Vysoka odolnost napomaha preckat podminky nevhodne pro zivot i po
tisice let (?); jsou prostfredkem Sifeni bakterii i na znacné vzdalenosti a
v rizném prostiedi.

Tvorba endospory vsak neni odpovédi na prostredi, ale pripravou
na nepriznivé podminky.



« Odolné k pusobeni UV a y zareni, vysouseni,
lysozymu, teplotnim zmenam, nedostatku zivin a
pusobeni mnoha dezinfekénich prostredku.

 V ethanolu mohou prezivat nékolik mésicu.

« Sporicidni latky:
ethylenoxid, B-propionlakton, koncentrované louhy a
kyseliny, formaldehyd pri prodlouzené expozici,
kyselina peroctova — Persteril, jodoveé preparaty,
chloramin




* Jednou odstartovany proces sporulace j1z

nejde zastavit — regulace v uzlovych bodech

e Asporula¢ni medium - gluk6za




s vysoce svétlolomné utvary
Pozorovani endospor o> o0m
« Pozorovat neobarvené endospory muzeme fazovym

kontrastem (zarici spory) nebo Nomarského kontrastem

(plasticky povrch bunky)

Nomarského k.

* Jednoduchym barvenim nezvyraznime spory samotng, jen
vyklenuti bunky (zpusobené jejich pritomnosti).



Strukturalni barveni endospor

Strukturalni barveni spor u suspektnich sporulujicich
druht zvyrazni:

Tvar, velikost a umisténi spory v bunce je dalSim
charakteristickym znakem napomahajicim identifikaci.

Pr. ovalneé spory B. cereus, B. anthracis, Cl. botulinum,
kulaté spory Clostridium tetani Ci B. sphaericus,
cylindricke Ci elipsoidni spory

U velikosti spor hodnotime,

zda a kde vyklenuje bunku. _ :
Bacillus megaterium

I, i

o 10 um




Spory se velmi tézko barvi i po fixaci

silny, Spatné prostupny obal

koncentrovana barviva
za tepla
Moridla

Takto obarvené spory se tézko odbarvuiji

Barvitelnost spor zalezi na??

Cortex

Inner spore Germ cell wall

coat

Outer spore Core

coat

Exosporium

Barvitelnost spor se takeé (podobné jako u plisni) zlepSi pouzitim
sporulacnich médii (s pfidavkem manganu nebo urey).



Ulozeni v bunce:

» terminalni = na konci tyCinky
C. tetani (jakoby palicky),
B. stearotermophilus
« centralni (C. histolyticum, C. novyi,
C. septicum, B. anthracis, B. cereus)
* subterminalni = paracentralne =
= mezi stredem a polem bunky, nejCasteji
(C. botulinum, C. sporogenes, B. brevis)

S i SR
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* Rozsireni bunky: C. botulmum C. tetani, Bac:llus
stearothermoph/lus -
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C. perfringens C. tetani g
., .o ) _ Qlostridium botulinum
* mirné rozsireni: C. histolyticum a C. novyi

« U nékterych druhu spora burku nezdurUJe B.

anthracis, B. cereus.

.
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Bacillus sphaericus




Klinicky vyznamné jsou spory rodu
Bacillus a Clostridium

4,. Clostridium botulinum:
V \" sporulujici buiiky odolavaji 2-6 hodin teploté 100 °C
Q\T = oproti nesporulujicim, které hynou po 30' pfi 70 °C!
Spory inaktivovany po 20' pfi 121 °C vodni pary pfi
« 2 atm (0,2Mpa) a po 90" - 180' pfi 160 - 200 °C suchého tepla,

(4

Clostridium tetani — tetanus. Ke zni€eni spor nutno
pusobit 100°C po 90 mir_}ut.

Bacillus anthracis
— biologicka zbran, anthrax




e

* biopesticidy - Bt toxin transgen —

Bacillus thuringiensis var. israelensis
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Size -1 millimeter

Sampling rate
1 liter par minute

Bacilius spora

C-ore {dipscolinie and
glutamic acid)

Protein coat

Corex

Exosporium

Bicaarosols
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Proces sporulace

« Zacina ve fazi G1 prechodem od binarniho k

asymetrickemu déeleni
y Ke studiu sporulace je

pouzivano bakteriii rodu
 probiha i pfi dostatku Zivin, Bacillus, hlavne B. subtillis

hlavné vSak ve stacionarni fazi

Cortex
Inner spore Germ cell wall
coat SR
Sy il s
i
'-, Plasma
FI‘-—I - -
RETEE o membrang
L - L
A C R
rl' r
L
Outer spore SRR “ g Core
coat
Exosporium




Cellwall  Cytoplasm €) spore septum begins to isolate newly replicated
DNA and a small portion of cytoplasm.

e Plasma membrane starts to surround DNA,
cytoplasm, and membrane isolated in atapo.

Bacterial chromosome (DNA)

(a) Sporulation, the process of endospore formation \

) Spore septum surrounds isolated portion,
forming forespore.

Endospore

(b) An endospore in Bacillus anthracis
(© Endospore is freed from cell. © spore coat

©O— =

Copyright € 2004 Pearson Education, Inz., pulbishing as Benjamin Cummings.




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

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.

T
releasing the sleeping “daughter” cell in a
process called lysing. Others who cannot

get to nutrients are doing the same thing.

The dead “mother” cell dissolves away. And §
Suzy is once again a sleeping spore just as
she was found on that piece of postal
equipment.

And 24 hours after she first wake up, the
people who found her know she exists
because she’s in the middle of avisible
colony 2 to B millimeters in diameter.

Jedinecné a
charakteristické
struktury spory

Kalcium dipikolinat
Proteiny stabilizujici
DNA

Kortex

DNA reparacni
enzymy v procesu
germinace
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Stage O

Normal Growth Stage | Stage [ Assymetric

Bacterial Division Septation

Stage VII
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Coat Synthesis Cortex Synthesis

hydrolaz, spotreby acetatu
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Stage 0

Stage | Stage [l Assymetric
Normal Growth 5 5 ¥

Bacterial Division Septation

Stage VII
Free Spore

* Intina, extina
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Stage VI Lysis of gﬂ LiLs 'H-
b

Maother Cell

Stage V Stage IV
Coat Synthesis Cortex Synthesis

pora jeste nesviti pri mikroskopii ve fazovem kontrastu
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3 Stage | Stage [l Assymetric
Normal Growth B & ¥
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kortex

kyselina
dipikolinova

Stage VII
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Stage 111
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e
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Ca** ionty
— aktivni transport
- antiport.

Stage VI Lysis of
Mother Cell

Stage V Stage IV
Coat Synthesis Cortex Synthesis

Endospora je jiz svétlolomna — Nomarského a fazovy kontrast.
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* Plast”
* minimum vody.

e exosporium

Stage VI Lysis of

.pi-’.’aé"'!:.‘-?:.‘i"}. '
Mother Cell

LAY

Stage V Stage IV
Coat Synthesis Cortex Synthesis




Stage 0

Normal Growth Stage | Stage [ Assymetric

Bacterial Division Septation

Stage VII
Free Spore

Stage 111
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* Volna zrala
spora.
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Stage V Stage IV
Coat Synthesis Cortex Synthesis




Stavba zralé spory

Cortex

Inner spore Germ cell wall

coat

Outer spore . S “ : Core

coat

Exosporium

« Jadro — gelova matrix
- bakterialni jaderny ekvivalent nukleoid
- kalcium dipikolinat (CDPA) nebo pyridin-2,6-
dikarboxylova kyselina



« Kortex

1) vnitrni kortex (20% kortexu)

2) zevni kortex (80 % kortexu)

« ZajisStuje nepropustnost (nebarviteiny!)

Kortex tvoren peptidoglykany (PG).
Jen 20-30 % PG jednotek shodnych s
jednotkami v bunécné sténe.
Zbylych 50-60 % N-acetylmuramyl-laktam

dalSich 18-20 % kyseliny N-acetylmuramové je spojeno
s L-alaninem namisto tetrapeptidu

Tyto modifikace zajistuji enzymy:
membranoveé vazana Glu-mesoDmp hydrolaza a
cytosolova Ac-Ala-Glu-mesoDmp lyaza



* Perikortikalni membrana

* Plaste
- proteiny bohate na cystein (a podobné keratinu)
- odolnost spor k pusobeni chemikalii.

e exosporium u rodu Bacillus



Germinace spory — terminalni,
centralni

rychly proces kliceni spory.

spontanni aktivace spory

Aktivace — pusobenim teploty 70-85 °C po 5 — 10 min
dalsi aktivatory: malé organické molekuly, L-Ala, Ado

a Ino, vyssi obsah bazi
V laboratori??

Aktivovana spora prijima vodu a ztraci rezistenci —
bilkoviny se zacCinaji rozkladat




Kli¢eni spory B. cereus

Lyticky enzym: p68 => p29 (kortikohydrolaza) —
depolymerizuje kortex pro nastupny prunik vody.

Po 2h po germinaci spory
- déleni vegetativni bunky

Inhibice kli€eni: D-Ala, MgCl,, PMSF
Podpora??




Nejsou tolik rezistentni vuci ter;lu
Rezistentni vuéi vysychani
Granula PHB — typicka pro cysty
Odlisné obaly — alginaty, ruzné polysacharidy
Nejpodrobnéji popsany u Azotobacter vinelandii,
- mnohovrstevny obal (vnéjSi ¢asti vySSi hustota), unikatni
lipidy

Cysta Azotobacter vinelandii
Za priznivych podminek cysty klicCi e
a meni se ve vegetativni bunky




Rustovy cyklus Azotobacter vinelandii

Nepohyblivé
stadium se
encystuje
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Methylosinus trichosporium

mmetanotrof, opouzdieny

mexospory rezistentni vaci vysychani a teploté do 78°
mstacionarni faze

mprodluzovani bunky do hruskovitého tvaru

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

PT T I R .. |

Tvorba exospory u Methylosinus trichosporium

| Fiz. 7, Thase comirast p.l-u.}tnrnim_phs
'of enospore formarion by Methyinsaus
'If_ﬁ'i'-ﬁﬂ-h'.'un'u.':nr_ The can:-ulutui. m:l—
L ihaped, epeiative il bepomics peer
 thancd and the tapered end buds off the
i:lﬂl thal is oveniuaily :ch:un_d o the re-
fractile ecospors: (From Whinenbury ©1
3k, 1970




PHB granules
Change in cell shape/
e Y @ o ofmotiity

Swim cell Swanq cell
, Cyst cells
f Liquid et Solid
\< Hu‘lﬂ-lnt:
Germination
Fig 1, The R. centenum life cycle (Berleman and Bauer 2004)

Rhodospirllum centenum — plovouci a plazivé bunky

Berleman, J. & C. E. Bauer (2004): a zaroven tvorba cyst
Characterization of the cyst cell formation




- F

Wildtype Hyper-cyst
Fig. 3, Wild type cells on the left which contain no cyst

cells and hypercyst mutant cell line on the right that
constitutively produce cyst cells.

Fig. 2. The panels labeled with white numbers show cell
pes cbserved al points after induction of cyst formation.
he panel with black numbers depicts germinating cells

twelve hours after induction of germination.

Berleman, J., B. Hasselbring, & C. E. Bauer 2004.
Hypercyst Mutants in Rhodospirillum centenum
Identify Regulatory Loci Involved in Cyst Cell

Differentiation. J. Bacteriol. 186, 5834-5841
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