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ta spiralovita — max. 2 otoCky
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Spiraly:
 Cetnost

« dé¢lka stopky
pocet otocek
 Interval otoCek
prumcr otoCek
 smgér otoCek

Spory = arthrospory
4 zakladni morfologicke typy (SEM)
hladké (smooth)
bradavdité (warty)
chlupaté (hairy)
ostnate (spiny)
vné obaleny pochvou z tenkvch vlaken
a trubiCek — obal hladky nebo s vybézky
silné hydrofobni
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Streptomyces coelicolor

ednotlivych

pigment — ATB aktinorhodin
ivotniho cyklu = s

. 2@

ikatni telomera — 5’
konec pr1 replikaci
nekompletni — ssDNA

* Vlasenky z repetic chrani
chromozom (Goshi ef al.)

* Nejblize M. tuberculosis
a C. diphtheriae




st1 a hmyz subsaharske Afrlky)

» Dalsi projekty sekvenovani genomu:

Streptomyces scabiei and Streptomyces
ambofaciens.
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|darubicin Epirubicin

Protinadorova antibiotika

— rakovina prsu,

endometria, vajeCnikii, varlat, mo¢.méchyie,
jater, zaludku, Stitné zlazy a plic
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atky Streptomyces spp.
n (from S. noursei)

otericin B (from §. nodosus)
atamycin (from S. natalensis)

Antibiotika Streptomyces spp.
* Exrythromycin (from S. erythreus)
 Neomycin (from S. fradiae)
e Streptomycin (from S. griseus)
* Tetracyklin (from S. rimosus)
* Vankomycin (from S. orientalis)
» Rifampicin (from S. mediterranei)
* Chloramfenikol (from S. venezuelae)
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€ prehradky vytvari dlouhé burky

@ vlikno se svinuje na koncich

@ na apikalni ¢asti hyfy se za¢inaji vytvaret sporula¢ni prepazk
délici vlakno na kratké useky — budouci spory

€ kompletné vytvoiena septa, nezralé spory, ztlu§t’0vé119i BS

€ maturace arthrospor — zakulacovani, oddélovani

Vegstative mycelium
Curled asrial

mycelium Expanded viaw of the tip of serial mycerium




1 2 3

Fig. 32. Diagram of the four stages of sporulation in Strep-
tomyees coelicolor. After a phase of vegetative growth, as
shown in (0), the sporulating hyphae are divided into long
cells by ordinary cross-walls, and the tips begin to coil (1).
The apex is then partitioned into spore-sized compartments
by sporulation septa (2). The cell walls thicken and con-
strictions appear between the young spores {3). As spores
mature, they round off and separate (4). Some spores begin
to germinate immediately after maturation. (From Dwor-
kin, 1985,)
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eptomycet

proti eMorém G+

ntovane

Dprot1 G+ bakteriim méné rezistentni vuci
pusobeni extréem.hodnot teploty (do 55°C)

a pk
e Velmi odelné vuci vysyehani

* Slouzi k Sifeni organismu v prostoru a k
prekonani nepriznivych zivotnich podminek
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mn micrographs of four types of arthrospores of streptomycetes: smooth; warty; hairy; and spiny. The spores
long. (From Kutzner, 1956; with permission,)
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Scanning electron
microscopy of
arthrospore chains.

(A) Streptomyces torulosus
(knoflikovité)

(B) S. bluensis (ostnaté)

(C) 8. antimycoticus (drsné)

(D)"S. karnatakensis"
(vlaknite).

(Courtesy of A. Dietz.)
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1 zivotni cvklus

prostredi

leoid, segmantace

sna regulace diferenciace V.M.

Micro arrays — 1dentifikace hydrofobnich proteinu

odolna vrstva — studium cytoskeletu S. coelicolor
Studium — exprese a funkCni specializace

jednotl.druht chaplint, jejich polymerizace,

interakce se slozkami bunéc.stény a morfogeneze

— chapliny = kostra pro vzdusné hyty. Sekretovany
z cytoplazmy a ukladany do bunécn¢ stény. 8 druhu

Chapliny — kovalentni vazba na PG, hydrofobni a
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m vannielii

1a diferenciace a morfogeneze

obni fototrofi, aecrobni chemotrofi

tridant:
rostouci a klidove formy
prisedlé a pohyblivé formy

Morphogenesis and Differentiation in Rhodomicrobium
Obrazky vannielii and Other Budding and Prosthecate Bacteria

Snimkﬁ R. WHITTENBURY* anp C. S. DOW

26-45 prevzaty z Clanku: #acemowoicu Reviews, Sept. 1977, p 1488y 41, No.3
28




ogie a vnitini architektury bunky

artujici po ,,prepnuti* bunéneho cyklu vedouci
ormovani noveho typu bunky. Diferencované bunky
mohou revertovat (germinace spor) nebo mohou byt
trvalou soucasti spoleCenstvi (heterocysty sinic, buiiky
methanoxidujicich bakterii).

Vyvoj mnohobunéfného komplexu
— slouceni morfogeneze a diferenciace myxobakterii, sinic
kdy jsou jednotliveé bunky specifickou funkéni soucasti
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Cell Ezclt !m

Monomorphic vegetative cell cycle type — this
phrase describes species of procaryote existing
always as vegetative cells and in which there is
only one distinct morphological type of cell
formed under what are considered to be normal
nnl.;tnent and physiological regimes (e.g., E.
coli)

Dimorphic cell cvcle tvpes—this phrase de-
scribes those procaryotes which, at division,
form two cells that differ from each other in
shape (e.g., Caulobacter), or in size (e.g., cer-
tain filamentous blue-green bacteria), or in the
possession by one of the cells of an appendage
(e.g., the swarm cell of Rhodopseudomonas
acidophila possesses a flagellum not possessed
by the mother cell), or in a combination of these
features.

P rphic vegetative cell cycle s —this
phrase describes species that may produce un-
der different nutrient and physiological re-
gimes (but not so bizarre as to cause malfunc-
tion in the cell cycle) two or more morphologi-
cally distinct types of cell, each of which under-
goes a distinctive and constant cell cycle (e.g.,
Arthrobacter species [24, 42], Sphaerotilus spe-
cies [54, 66] certain cyanobacteria [9, 51], Geo-
dermatophilus [36], Hyphomicrobium species
[B8], Rhodomicrobium species; all these
have two or more vegetative cell cycles). Cell
cycle changes i ponse to nutrient conditions
in Geodermatophilus are shown in Fig. 1. Two
other species with such cell cycles have been
studied by us, a H}'Mmbfum species (3)
(Fig. 2 and 3) and a prosthecate bacterium (Fig.
4 and 5).
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* o ; I * e ufl
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Differentiation to R-form

Differentiation taC-farm o

@ 8 @ & re

_-— o T ﬁd_‘

Fic. 1. The polymorphic growth cycle of Geoder-
matophilus strain 22-68 (after Ishiguro and Wolfe
[36]). Growth and division in the C-form requires the
presence of a factor found in tryptose. Absence of this

factor induces differentiation to the R-form. Readdi-

tion of the tryptose will induce differentiation from
the R-form to the C-form.




Opakovani:
Polymorini vegetativni
bunky
Hyphomicrobium

Fig. 2. Polymorphic variation evident in Hy-
phomicrobium species with substitution of the carbon
source. The basic medium contained, per liter: 20 ml
of mineral bagse (NH,CIL, 0.5 g; MgS0,-TH,0,04 g;
NaCl, 0.1 g; CaCl,-2H 0, 0.05 g; trace elements, 10
ml [61]), distilled water to 1 liter, 10 ml of 0.0I M
KH,PO,, 100 mM methanol, and/or 100 mM methyl-
amine. Cultures were incubated aerobically at 30°C.

Substituce methanolu methylaminem
indukuje tvorbu Y forem bunky.

Pridani methanolu indukuje tvorbu vlaken
ktera se nasledné meéni v pohyblivou
bunku klasicke velikosti. 31




Jeerer reprmdiction FiG. 9. Budding bacteria ordered in degrees of

4 L L]

12 3 4 5 morphologicalicell cycle complexity. In all cases mo-
e tility (1), flagella shedding (2), maturation of the cell

0 acdapsi = J, daugnter cell synthesis obiigate potar growt
n“---:w-:}-f““*’““f;':‘m (3), daugh Il synthesis by obli la h
.......... e {4}, and asymmetric cell division (5) give rise to an
- W immature daughter cell and a mature mother cell.
B P - (a) Rhodopseudomonas acidophila (60). Simple di-
-« ‘_-:l -:? C{: . maorphic life cycle not involving tube/filament synthe-
R warichis si5. (b) Rhodopseudomonas palustris and R. viridis
‘-1- ™, (96). Involvement of tube/filament synthesis prior to
L '-=' &8 '-"— qdl b daughter cell formation. (c) Hyphomicrobium species
"""""" TR (33, 45). Reduction in width coupled with an in-
o o— & rease in length of the tube/filament compared with
d r&&q‘_- - ’/.F}:{ _ . palustris. (d) Rhodomicrobium species (see Part
e el .—%."‘3 ). Environmentally induced life cycle variations
Bhedamicomum 10t nging from a simple dimorphic cell cycle through

.—W mplex matrix formation to exospore production.

Rhodomicrobium vannelii — typy bunék:

* Ovoidni bunky 2-3 um — 1 um, spojené vlakny 2-30 um,
ktera se mohou vétvit (mycelidlni stadium) — dostatek svétla,
nizsi tlak CO,

e V Casne exponencialni fazi — nestélkaté peritrichalné obrvene
bunky, méné svétla, vyssi tlak CO,

 Nepohyblive hranaté exospory — vyCerpani Zivin 32
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Na pocatku stac. faze:
Produkce 4 hranatych
€X0Spor

Fia. 14. (A) Growth curve of strain Rm 5 grown on malate medium at 30°C with an incident light intensity
of 1,000 lx in a 15-liter batch fermentor. (B) Phase-contrast photomicrographs of cellular expression during
batch culture growth of strain Rm 5. (a) Lag and early exponential phases are characterized by the presence of
complexes of cells linked by filaments. No motile cells are apparent. (b) As growth proceeds, nonstalked motile
cells are produced. (c) With the onset of the stationary phase, angular exospores are produced in considerable
numbers.

Delka vlaken zavisla na nutri¢nich vlastnostech media:
nedostatek fosfatu — delka vlaken nad 30 um a generacni doba 18520h







Fic. 19. (a) Strain Rm 5 swarm cell. Gold-palladium shadow. (b) Phase-contrast photomicrograph of a
strain Rm 5 slide culture showing spirillar flagella bundles. (¢) Electron micrograph of shed flagella showing
an intact flagella hook (1% [wt/vol] phosphotungstic acid, negative stain). (d) Swarm cell formation (1% [wt/
vol] uranyl acetate, negative stain).




(10

Fig. 20. Phase-contrast photomicrographs. (a) Strain Rm 5 grown under phosphate limitation (no added

phosphate). (b) Strain Rm 5 initially grown under phosphate limitation followed by addition of phosphate
mM) to the system. The intercellular distances are considerably reduced, with a corresponding decrease in

generation time. Bar represents 10 um.
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*Unipolarni vétveni vlaken
— vzdy z naposledy
syntetizovan¢ho vlakna.

*Vzdy zatka ve vlaknu pred

Jeho vétvenim.

*Nikdy nejsou produkovany

vice nez 4 dcer.b.

od 1niciace b.cyklu

*Vyspéla dcefinna burka,
fyziologicky separovana, se
odd¢€luje binarnim délenim od
vlakna — pohybliva bunka
'nebo nebo syntetizuje zatku
(fetézeni vlakna bunck)

LIMIT POCTU DCER.BUNEK
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*Pupen se objevuje po 220-250min
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Swarm cell

- Maturation
@ @ riamen synthesis

G.*: .-O Bud formation

¥ Crosswall
synthesis

&)

Fic. 24. Diagrammatic representation of vegetative growth and development of batch culture swarm cells
of Rhodomicrobium strain Rm 5.




Vzdalensot zatky
od dcerinné bunky,
ktera ji produkuje,
je fixni.

Vzdalenost zatky

od materské bunky
zavisi na rychlost
Riistu, tedy kultivaci
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Fia. 25. (a} Gold/palladium-shadowed electron micrographs showing plugleross wall formation in the
filament of strain Rm 5 matrices. (b) Thin section of a plug/cross wall (prepared by the method of Ryter and
Kellenberger [68]). Bar represents 0.5 um.
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ospor oddélena od téchto struktur viaknem.

Exospory vznikaji jedna po druhé.

— -
y ; y
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. 3 - /
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Fic. 32. Phase-contrast photomicrographs of exospore formation in Rhodomicrobium Rm 5. Exospores are
formed (as are swarm cells) terminally and sequentially from the filament tip. The characteristic exospore
clusters presumably arise because of attachment of the completed exospores to the filament by the exospore
capsular material. Bar represents 10 um.

Bunka bud'to produkuje 4 exospory (reproduk¢ni fce) nebo
vegetativni bunku.

Spory — jina morfologie, vnitrni struktura a rezistence,
obklopeny vlaknitou kapsulou.
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induction

EX0spore
formation

Kazda materska bunka je
pri formovani exospor
oddélena od téchto

o,
n‘ﬁ'——(:){:ﬁ&

?ﬂf{@: struktur vlaknem.
o

9 Exospory vznikaji jedna po

o(§<>'<?=‘ druhé.

Fic. 34. Diagrammatic representafion of exospore
formation in R. vannel:i.

c.-"zil

filament
nsion

e

O Vlaknita kapsula
spory
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‘ germination
outgrowth
kfilamﬂ synthesis

phot :.H'reﬂc
mambrane

Fic. 45. Diagrammatic representation of a cut-
away three-dimensional model of a Rhodomicrobium
vegetative cell grown under conditions of low light
intensity (500 Ix).

Fic. 37. Diagrammaltic representation of exospore
outgrowth in R. vannielii.
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Fic. 28. Digrammatic representation of the "sim-
plified” cell eycle of strain Rm 5. It should be noted
that filament synthesis precedes the formation of each
and every daughter cell; i.e., the mother cell synthes-

izes a "new” piece of filament during each round of
the mother cell cycle.

® o
S sl

S...hladka kolonie bun¢k
jednoduchého cyklu.
R...drsna kolonie s vldkny

Jednoduchy

- |Cyklus:

" |Stélkata matef.b.
| Nestélkata

q ~ |dcefinna
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N

A sequential protein synthesis Z
»

initiation filament termination of
of protein synthesis protein sequence
sequence

v
division of
growth/attachment
site

|

daughter cell
formation

activation of growth site- ¢
filament synthesis, i.e., oy .
initiation of protein se- ~ 5 hf ra };';fl‘f:}
w+ W ﬂ: mother anddaughter
sequence linked as in E.
coli by a requirement for
protein synthesis before
termination of genome
replication.)

v

Fic. 61. Control of swarm cell development by correlation of protein and DNA synthesis.




Levels of Organization

Unicellular —the organism is normally inde-
pendent of its fellows in terms of function and
reproduction.

Occasional intercellular cooperation —de-
scribes bacteria able to lead a unicellular exis-
tence but which may express intercellular coop-
eration to form a multicellular structure (e.g.,
fruiting-body formation by some species of
Myxobacter [23]).

Multicellular procaryotes —this expression
describes those procaryotes with the capacity
(not necessarily obligate) to differentiate and
develop into a multicellular complex that
clearly has (i) survival potential superior to
that of a single cell of that species in the same
environment, and (ii) an intercellular activity
that results in selected cells of that complex
undergoing differentiation.

Sinice
(heterocysty, akinety)

v

L u
type B 45 dark
hetergtroghic - «nifrate  type C

jucrose & nitrote lfpt':ﬂi'ﬂ

Fic. 7. Diagrammatic summary of the morpho-
logical variations induced in Chlorogloea fritschii by
different environmental stimuli (after E. H. Evans, I.
Foulds, and N. G. Carr [25]). Morphological cell
types. Type A —large (2 by 3 pm) granulated cells
existing either singly or as clumps containing two or
more cells which arise from division in up to three
planes. Type B—found in clumps which combine
larger groups of cells surrounded by a mucilaginous
sheath, which is termed "aseriate” (44). Type C—
small (1 wm) cells found in short filaments. Type D —
larger than type C (1.5 um) and found in filaments in
the process of dividing.
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