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Deéleni bakterialnich buneéek

Déeleni binarni
Déleni asymetrické
Déleni vedouci ke vzniku diferencovanych populaci

Bunka vs. populace bunek




Reprodukce bakterii

« Pred delenim musi bunka
— dosahnout potrebne velikosti
— nahromadit dostateCné mnozstvi zivin
— byt ve vhodnych podminkach
— zreplikovat (zdvojit) genetickou informaci (DONA |




Reprodukce bakterii

« (Generacni doba (doba zdvojeni) — doba mezi dvéma
délenimi bunky
— v optimalnich podminkach 20-30 minut

* Replikace DNA trva dele nez je generacni doba, k
Iniciaci dalsi replikace dochazi pred ukoncenim replikace

— dichotomni replikace DNA
— pouze u bakterii = replikace eukaryotické DNA




Bunka — generacni doba

Bakterie

Escherichia coli

Bacillus megateriu
m

Streptococcus lactis

Streptococcus lactis

Staphylococcus
aureus

Medium

Glucose-salts

Sucrose-salts

Milk
Lactose broth

Heart infusion broth

Generacni doba
(minuty)
17

25

26
48

27-30




Reprodukce bakterii

* Nejen binarni deleni!!

BINARY FISSION: .,
Zdvojeni genet.mat.

FtsZ ring
> Segregace nukleoidu
/' C ) \ Monomery FtsZ
S i do stfedu bunky




Neobvykle priklady reprodukce

* Rust a mnohocCetné déleni matetske bunky

* puceni
THE STANIERIA
LiFE CYCLE:

baeocyte /' _
9

BupDING IN A
PLANCTOMYCES
SPECIES:

() offspring



« RuUst materfské buriky:

Epulopiscium spp., Metabacterium polyspora and the Segmented
Filamentous Bacteria (SFB)
- jako spory bacilt

» In large Epulopiscium spp. this unique reproductive strategy begins
with asymmetric cell division, see The Epulopiscium Life Cycle
Figure. Instead of placing the FtsZ ring at the center of the cell, as in
binary fission, (A) Z rings are placed near both cell poles in
Epulopiscium. (B) Division forms a large mother cell and two small
offspring cells. (C) The smaller cells contain DNA and become fully
engulfed by the larger mother cell. (D) The internal offspring grow
within the cytoplasm of the mother cell. (E) Once offspring




THE EPuULOPISCIUM

LiIFE CYCLE:
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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.




Chilamydia Infectious Cycle

Migration to perinuclear
area and EB -> AB
fransition

Inclusion biogeness
and bacterial

HE = EB transition




Rustove cykly bakterii
miednoduché — stiidaji se 2 stadia
erostouci a klidove

epiisedle a volne

einfekéni a reprodukéni

mkomplexni s vice nez 2 vyvojovymi stadii
emyxobakterie
mristove cykly vedouci ke vzniku diferencovanych populaci
esinice - Anabaena




Komplexni rustovy

cyklus myxobakterii
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Jednoduché rustové cykly

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

« U parazitu: prechod z prostredi téla vyS$Sich organismu ven

- vegetative cell

free endospore
g 7

J
—R. spore coat

developing
spore coat



Jaky v doménach Bacteria a

Archaea rozeznavame?

 rostouci a delici se vegetativni formy bunék

 struktury dovolujici preziti nepriznivych podminek (cysty
odolné proti dehydrataci, ne vsak proti horku - Azotobacter,
Myxococcus, Sporocytophaga, kdy je cela bunka obklopena
protektivni vrstvou nad bunécnou sténou)

* rody Metylosinus and Rhodomicrobium vytvari termostabilni

exospory.




Vegetativni a klidové stadium
Tvorba spor IZoiE

_— " ot

« prevazné G+ bakterie

— termorezistentni endospory

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

« Vyjimecné i G— bakterie (Coxiella burnetii, puvodce Q-horecky).

* G- bakterie — exospory . | I
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Endospora, sporulace

.. S nékolika vyjimeénymi charakteristikami...

i
i, 5 AEM Bigina lags Cotiection. Stahly

« Oproti doméneé Eucarya v burice pfitomna pouze jedna endospora

« Peptidoglykan v kortexu spory je zcela jiného charakteru nez
peptidoglykan samotné bunky vytvarejici sporu

« Stabilizace makromolekul ve spofe: pritomnosti specifickych bilkovin,
dale ztratou vody a jeji nahradou vapnikem (pouze zde pfritomna v
prirode unikatni kyselina dipikolinova)

minimalni obsah vody ----- minimalni metabolismus




« Odolné k pusobeni UV a vy zareni, vysouseni,
lysozymu, teplotnim zméenam, 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, jodové preparaty,




* Jednou odstartovany proces sporulace j1z
nejde zastavit — regulace v uzlovych bodech

e Asporula¢ni medium - gluk6za

Fig. 2. Elcctron micrograph of a thin section of o spore o

Bacillus sphaericus. (Courtesy of Dr. S. Holt.)



POZorOVéni endospor vysoce svétlolomneé utvary

Nebarvi se Gramem

« Pozorovat neobarvené endospory muzeme fazovym
kontrastem (zarici spory) nebo Nomarského kontrastem

(plasticky povrch bunky)

Fazovy k. Nomarského k.

Primo obarvit endosporu od stadia vzniku kortexu je mozné pouze za
horka (prospora je pro barvivo jesté propustna!)



Strukturalni barveni endospor

« Diagnostické Gramovo barveni urCi G+ a G- typ
bunécné steny; soubézné strukt. barveni spor u
suspektnich sporulujicich druhu zvyrazni:

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

« P¥: vzdy ovalné spory B. cereus, B. anthracis,

Clostridium botulinum, kulaté spory Clostridium

tetani Ci B. sphaericus, cylindrické Ci elipsoidni

Bacillus. megaterium

K éemu je dobré barveni spor?



Cortex

Germ cell wall

Spory se velmi tézko barvi i po fixaci inner spore

coat

silny, Spatné prostupny obal

Outer spore  “° Core

Chceme-li spory obarvit, musime Gy
pouzit koncentrovana barviva za o Exosporium
tepla nebo rizna moridla.

Takto obarvené spory se tézko odbarvuji kyselinami a jinymi
slouceninami (pf. alkoholem), ¢ehoz se vyuziva k diferenciaci spor.

Barvitelnost spor zalezi na:

- jejich vyvojovém stadium




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 = paracentralneé =
= mezi sttedem a poélem bunky, nejCastegji
(C. botulinum, C. sporogenes, B. brevis)

ra?




 Rozsifeni bunky: C. botulinum, C. tetani, Bacillus
stearothermoph/lus .-- ~
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C. perfringens C. tetani o
., e : : Qlostridium botulinum
* mirné rozSireni: C. histolyticum a C. novyi

« U nékterych druhu spora buiku nezdufuje: B.

anthracis, B. cereus.
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Bacillus sphaericus



Klinicky vyznamné jsou spory rodu
Bacillus a Clostridium

Clostridium botulinum:.
;ﬁ’ sporulujici buriky odolavaji 2-6 hodin teplot& 100 °C
= 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,
= vysoce termorezistentni, preziji az petihodinovy var

Clostridium tetani — tetanus. Ke zni¢eni spor nutno

pusobit 100°C po 90 minut.




* biopesticidy - Bt toxin transgen —
Bacillus thuringiensis var. israelensis




Bacillus anthraci
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na Bacillus anthracis
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Proces sporulace

« Zacina ve fazi G1 prechodem od binarniho k

asymetrickemu déleni
y Ke studiu sporulace je

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

hlavné vsSak ve stacionarni fazi

Inner spore

Owuter gpore  ~0 .5 S0 FE
coat

Exosporium




Béhem sporulace B. subtillis mtizeme rozlisit 7 fazi (1 -VII),
jez lze charakterizovat morfologicky a na molekularne

biologickeé urovni.

Za proces vzniku endospory zodpovida 7 — 8 genu.
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asymetrickému déleni.

v priibéhu vzniku prepazky
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bunika nebo spora




Stage ()

, : Stage | Stage |1 Assymetric A
h“n“ﬂl Llrl}"l."u'th I.{:I'.-Tl”rlfll E}l.\"i‘;j“ﬂ -"'lﬁ.'r”-.'lti”n Faze I

(] o) ol e

filament k

Stage VI (~ ' ) v ,
@ Frll.:.‘t}‘R‘Pl e L "I.J"Lﬁ? [ ® rOZdelenl
-

f Grermination

bakterialniho
chromozomu.

] e Sporogenni

ﬁ Stage 111

Engulfmen

".r
' Stave VI Lysi Rl B
Stage Lysis ol [|I | -|I| ; I.L‘_

Muother Cell

N zona — jina
Stage ¥ Stage |V
Coat Synihesis Cortex Synthesis

Jeden z prvnich signalli sporulace: vznik kvanta volutinu

Druhym signalem je zvySeni mnozstvi enzyml Krebsova cyklu a
hydrolaz, spotreby acetatu



Stage ()
Normal Growth

Stage | Stage |1 Assymetric
Bacterial Division Septation

Stage VI
Free ."?111 e

\

?‘"ﬂ .;_'.II-_.:_'_- "l.l'll L‘;"'qi'\ il | il i P |.||:| ._..--'_H.L_\'"":,
Kasne (

Crermination

Stage 111

Engulfmeng. ¥

Muother Cell

N i
20 (50 O)

Coat "ﬂ mllum Cortex Synthesis

Fazell

« ukoncena
replikace
bunécného
genetického
materialu

 ten se
rozestupuje
K pélim bunky

« konci invaginace
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Cellwall  Cytoplasm €) spore septum begins to isolate newly replicated

K\\ : / DNA and a small portion of cytoplasm.
Plasma \“:/X‘\,/ @ ) ) Plasma membrane starts to surround DNA,

membrane cytoplasm and membrane isolated in stap
/7

Bacterial Chrumusome (DNA} > @ ) _

(a) Sporulation, the process of endospore formation

€) spore septum surrounds isolated portion,
forming forespore.

Two membranes @ &b )

) Peptidoglycan Iayar forms between membranes.

o
(® & )

(b) An endospore in Bacillus anthracis /

) spore coat

() Endospore is freed from cell. St

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



Stavba zralé spory

Cortex

Germ cell wall

Inner spore
coat
- N Plasma
membrang
i
e Core

Outer spore
coat

Exosporium




« Kortex
1) vnitrni kortex (20% kortexu) Ci sténu spory
2) zevni kortex (80 % kortexu).
« ZajiStuje nepropustnost (nebarvitelny!)
« Kortex tvoren peptidoglykany (PG).
Jen 20-30 % PG jednotek shodnych s
jednotkami v bunécné stéene.
e Zbylych 50-60 % N-acetylmuramyl-laktam,

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

v g9




* Perikortikalni membrana
* Plasté slozené z proteinu bohatych na cystein




Jedinecné a
charakteristickeé
struktury spory

' Inside the "mother cell”, the “daughter” cell
The "mother cell” then engulfs the goes through a zeries of biochemical and
“daughter” cell, creating a cell within marphing changes to form a spore just like
acell the original Suzy.

|u

« Kalcium dipikolinat

* Proteiny stabilizujici
DNA

The "mother” cell then dies and begins The dead “mother” cell dissolves away. And i @ KO rtex
releasing the sleeping “daughter” cellin a Suzy is once again a sleeping spore just as
process called lysing. Others who cannot she was found on that piece of postal

get to nutrients are doing the same thing. 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.

=== i = byl e N

2006 by Ed Lake, All Rights Reserved



Germinace spory — terminalni,
centralni

« Germinaci rozumime rychly proces kliCeni spory.
« Zacina spontanni aktivaci spory
« Aktivace — destabilizaci plasté — pusobenim teploty
70-85 °C po 5 — 10 min,
dalsi aktivatory: malé organické molekuly, L-Ala, Ado
a Ino, vyssi obsah bazi
V laboratorich zahrati v pritomnosti vody.

v

vzniklé AMK - stavebni kameny novych proteinu




e Lyticky enzym: p6H38 => p29
(kortikohvdrolaza) - depolymerizuje kortex
pro nastupny prunik vody.




Exospory = cysty )

* Nejsou tolik rezistentni vuci tepllu
« Rezistentni vuci vysychani
« Granula PHB - typicka pro cysty
« QOdlisné obaly — alginaty, ruzné polysacharidy
* Nejpodrobneji popsany u Azotobacter vinelandi,
- mnohovrstevny obal (vnejSi ¢asti vyssSi hustota), unikatni
lipidy

C}*’sta Azotobacter vinelandii




Rustovy cyklus Azotobacter vinelandii

Nepohyblivé
stadium se
encystuje

,r-"""_'_,.__"""‘i

LIPIC MCUHULﬁTI‘DH

4+
CELL DIVISHD . i )
Bunka se stava

VEBETATIVE V podminkach vhodnych !
"L% vznik cysty se vegetativni \ svetlolomnou,
buiika zakulacuje, .WET Z vnejsi strany
odhazuje biciky T depozice

lipidickych latek

Rl GERMINATION
\. ; Akumulace lipidu
W SUELL i uvnitf buriky
GERMINATIRG
EMERGENCE O/ N

Dl‘u"IEICIH
Soagdn, Crom Sediodt LFT5D

g 4. Schematic diagram of the lifiecycle of Arorebocter vne



Methylosinus trichosporium

mmetanotrof, opouzdieny

mexospory rezistentni vuéi vysychani a teploté do 78°
mstacionarni faze

mprodluzovani buiky do hruskovitého tvaru

mpuceni na zuzenem konci
muvolnuje se kulata exospora
mza vhodnych podminek kli¢i

ST N .

Tvorba exospory u Methylosinus trichosporium

| Fig. 7. Phase comirast photomicrographs
of mwospor: formarian by Methyinsinius
Uirichosporiupy.  The  capsuloted, m:l'
L ihaped, epeiative il bepomics peer
thaped, and the tapered end buds off the
el that i evemunily Toicesid e thi res
fractile ecospors: (From Whinenbury ¢




PHE granules

e Change in cell shape/

q} loss of motility

=4 N

a Exine Formation
Swim cell Swarm cell

[ ’ Cystcells MetabolicRy neaktivni

o~

/" Liquid - solid

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 cbserved al points after induction of cyst formation.
he panel with black numbers depicts germinating cells

twelve hours after induction of germination.

b}

¥

Wﬂdpe 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.



