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II. PROKARIOTSKA STANICAY?: Bacteria i Archaea ]

 Organizacija bakterijske stanice i stanice arheja

/.

* Povrsinske strukture bakterijskih stanica

Stanic¢ne stijenke bakterija i arheja







~ Eukariotska stanica |

Nucleus

Nuclear pore

Nuclear envelope Golgi vesicles

Chromatin (golgi apparatus)

Nucleolus
Ribosomes

Lysosome
Centrioles

Plasma membrane Cytoplasm

Mitochondrion

Peroxisome
Cytoskeleton
Free Ribosomes

Secretory vesicle

Smooth endoplasmic reticulum
Rough endoplasmic reticulum

Flagellum
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membrane

Capsule Ribosomes Cell wall
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Fimbriae Chromosome Inclusion Flagellum
(DNA)




« »
prokaryote controversy

Table 4.2  Comparison of Procaryotic and Eucaryotic Cells

Property Procaryotes Eucaryotes
Organization of Genetic Material
True membrane-bound nucleus Absent Present
DNA complexed with histones No Yes
Number of chromosomes One* More than one
Introns in genes Rare Common
Nucleolus Absent Present
Mitosis occurs No Yes
Genetic Recombination Partial, unidirectional transfer Meiosis and fusion of gametes
of DNA
Mitochondria Absent Present
Chloroplasts Absent Present
Plasma Membrane with Sterols Usually no” Yes
Flagella Submicrosopic in size; composed Microscopic in size; membrane bound;:
of one fiber usually 20 microtubules in 9 + 2 pattern
Endoplasmic Reticulum Absent Present
Golgi Apparatus Absent Present
Cell Walls Usually chemically complex with Chemically simpler and lacking peptidoglycan
peptidoglycan®
Differences in Simpler Organelles
Ribosomes 708 80S (except in mitochondria and chloroplasts)
Lysosomes and peroxisomes Absent Present
Microtubules Absent or rare Present
Cytoskeleton May be absent Present
Differentiation Rudimentary Tissues and organs

*Plasmids may provide additional genetic information.

"Only the mycoplasmas and methanotrophs (methane utilizers) contain sterols. The mycoplasmas cannot synthesize sterols and require them preformed. Many procaryotes contain hopanoids.
“The mycoplasmas and Archaea do not have peptidoglycan cell walls.



IC1-CE SN Comparison of Bacterial and Archaeal Cells

Property Bacteria Archaea

Plasma membrane | Ester-linked phospholipids Glycerol diethers, glycerol tetraethers

lipids

Cell wall Peptidoglycan present in nearly all; | Highly diverse. Most commonly an S-layer; some include polysaccharides or protein
constituents some lack cell walls. or both; some lack cell walls. Peptidoglycan is always absent.

Inclusions present | Yes Yes

Ribosome size 70S 70S

Chromosome Circular, double-stranded (ds) DNA Circular dsDNA

structure

Plasmids present

Yes, circular and linear dsDNA

Yes, circular dsDNA

Capsules or slime | Common Rare

layers

Fimbriae, pili Common Pili common, including archaella
Motility structure Flagellum Archaellum

vesicles

Cytoskeleton Multiple homologues of tubulin and | Multiple homologues of tubulin and actin
actin
Extracellular Yes Yes




[ “prokaryote controversy”

* postojanje citoskeletona Cesto i u bakterija i arheja
 phylum Planctomycetes — bakterije koje nalazimo u moru i tlu

* dijele se pupanjem, a neke vrste imaju geneticki materijal unutar
membrane te pirelulosome i organele anamoksome koji posjeduju
membrane (reakcije anamoks - oksidacija NH,* do N,)

P,
) e i b

b 4

Pirelellula Staeyl' Gemmata obscuriglobus
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Paryphoplasm
Nuclear body
envelope

Anammoxosome

Gemmata obscuriglobus Candidatus “Brocadia anammoxidans”

(c)

FIGURE 19.10 Planctomycete Cellular Compartmentalization. (a) An electron micro-
graph of Gemmata obscuriglobus showing the nuclear body envelope (E), the
intracytoplasmic membrane (ICM), and the paryphoplasm (P). (b) An electron micro-
graph of the anaerobic ammonia-oxidizing planctomycete Candidatus “Brocadia
anammoxidans” The anammoxosome is labeled AM. (c) Schematic drawings
corresponding to (a) and (b): cell wall (CW), cytoplasmic membrane (CM).
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Nature Reviews | Microbiology

Pirelellula marina

- pirelulosom ili riboplasma - sadrzi ribosome

» parifoplazma - periferna citoplazma bez ribosoma




Gemmata obscuriglobus Planctomycete cell
(pirellulatype)

Figure 3. Proposed cell organisations of planctomycetes. A) The cell plan for G.obscuriglobus proposed in the current publication. This cell
plan mostly follows the established view in past publications (as in [4]) including ribosome-less paryphoplasm and intracytoplasmic membrane (ICM),
except for presentation of riboplasm, which now appears as multiple vesicles surrounding the nuclear body. Cell wall is indicated in red; cytoplasmic
membrane - in dark blue; paryphoplasm - in yellow; riboplasm and nuclear body interior - in light blue; intracytoplasmic membrane - in green; inner
nuclear body membrane - in brown; nucleoid DNA - in black; ribosomes — grey circles. B) The cell plan for Pirellula, which is considered as “simplest”
among planctomycetes. A major internal compartment defined by an intracytoplasmic membrane (internal to cytoplasmic membrane bounding the
protoplast) encloses a naked nucleoid. Unlike G. obscuriglobus, this bacterium thus does not contain a membrane-bounded nuclear body within the
major internal pirellulosome compartment. Designation of the structures the same as for (A).

doi:10.1371/journal.pone.0091344.g003
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* predloZen novi mehanizam stani¢ne diobe kod vrste Gemmata obscuriglobus

budding cell Division of nuclear body Transfer of NB into bud

Figure 4. A model for mechanism of cell division of G. obscuriglobus cells. Step 1, the bud appears as a hump on the surface of a cell (Figures
S5 and S6 in File S1). The nuclear body is divided, before or during the formation of a bud, forming two fully enveloped structures, as shown in step 2.
Finally, one of the nuclear bodies migrates into a newly formed cell (step 3). Other riboplasm vesicles not containing nucleoid DNA are also
transferred into the newly formed cell (Figure S6B in File S1). Cell wall is indicated in red; plasma membrane - blue; ICM - green; paryphoplasm -
yellow; riboplasm - light blue; nucleoid - black; ribosomes - grey circles.

doi:10.1371/journal.pone.0091344.g004

PLOS ONE | www.plosone.org 6 March 2014 | Volume 9 | Issue 3 | e91344




Zajednicke strukture bakterija i arheja i njihove funkcije j

Plazma-membrana

Ribosomi

Uklopine (inkluzije)
e
Nukleoid

Periplazmatski prostor

Stani¢na stijenka
Kapsule

Fimbrije i pili
Flagele

Endospore

* selektivno-propusna barijera, mehanicka zastita stanice, transport
hranjivih i otpadnih tvari, mjesto odvijanja mnogih metabolickih
procesa (respiracija, fotosinteza), detekcija okolisnih ¢imbenika za
kemotaksiju

* sinteza proteina

» skladistenje ugljika, fosfata i ostalih tvari

* lokalizacija genetickog materijala (DNA)

* sadrzi enzime za hidrolizu i vezne proteine za procesiranje i
uzimanje hranjivih tvari

* daje bakterijama oblik i sluzi zastiti od stani¢ne lize

* otpornost na fagocitozu, prihvacanje za povrsine

* vezanje na povrsine, bakterijsko parenje
* pokretanje

* opstanak u nepovoljinim okolisnim uvjetima; samo kod
bakterija



[Staniéna ovojnica bakterija

* plazma-membrana + stani¢na stijenka + dodatni sloj(evi)

Oligosaccharide =

Glycolipid Integral

protein

7 Integral

Hydrophobic

Peripheral
protein

Struktura bakterijske membrane - fluidni mozai¢ni model



Stijenke bakterijskih stanica

e stani¢na stijenka - obi¢no kruti sloj koji se nalazi
smjesten izvan stani¢ne membrane

* osigurava osebujan oblik, mehanicku potporu te zastitu
bakterijske stanice (stanica bez stijenke puca u
hipotoni¢noj otopini)

* nemaju je bakterije iz razreda Mollicutes (mikoplazme,
fitoplazme, spiroplazme), dok su kod koljena
Planctomycetes  specificne grade i ne sadrze
eptidoglikan (murein)

* stijenka s pridruzenim tvarima mozZze biti odgovorna za
otrovnost (virulenciju) bakterija

* moze Stiti stanicu od toksi¢nih tvari

* mjesto djelovanja nekih antibiotika - sprjecavaju
sintezu stanic¢ne stijenke

Slika 32.1.

Elektronska mikrografska snimka
izdvojene stanic¢ne stijenke vrste
Bacillus licheniformis (ljubaznoscu
dra Nathana Sharona).
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* lanci peptidoglikana unakrsno su povezani

* razlic¢ito kod Gram-pozitivnih i Gram-negativnih bakterija

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

a) Gram-negativne bakterije (Echerichia coli)

- 1Zzravno povezani
(D-Ala - diaminopimerinska kiselina)

'-'IA'a b) Gram-pozitivne bakterije (Staphylococcus aureus)
D/ BIINE Dfla - povezani pentaglicinskim mostom
L-Lys ] —L-Lys
D lAI Gly— Gly — Gly — Gl = |G| NH
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= Hans Christian Gram, 1884. — bojanje po Gramu

= bojanje po Gramu - reakcija je uvjetovana razli¢itom
gradom stani¢nih stijenki dvaju bakterijskih razreda:
Gram-pozitivnih i Gram-negativnih bakterija
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Grada stanic¢ne stijenke

Gram-pozitivna bakterija Gram-negativna bakterija

1

The gram-positive cell wall The gram-negative cell wall

' Cell
i g
membran
PM

Outer membrane
Peptidoglycan
Plasma membrane

7c

ell wall

Periplasmic
space

Figure 3.15 Gram-Positive and Gram-Negative Cell Walls. The gram-positive envelope is from Bacillus
licheniformis (left), and the gram-negative micrograph is of Aquaspirillum serpens (right). M: peptidoglycan or murein
layer; OM, outer membrane; PM, plasma membrane; P, periplasmic space; W, gram-positive peptidoglycan wall.




The typical Gram-positive cell envelope

Peptidoglycan

Plasma membrane

\/2 Cell wall

o A

; ,J" e The typical Gram-negative cell envelope

sy Cell wall

7
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Outer membrane

Peptidoglycan

Plasma membrane

Periplasmic space

Grada stanicne stijenke

Gram-pozitivne bakterije
- monodermi

Gram-negativne bakterije
- didermi



‘L Grada stanicne stijenke

ram-neutralne bakterije; Gram - ,duhovi” (Gram - ,,ghosts”)
* stanicne stijenke imaju svojstva i Gram + i Gram - bakterija

* Mycobacteria (Mycobacteriaceae) - preko 200 patogenih
bakterija

Mycobacterium tuberculosis

od makrofaga (imuni sustavdomacina)

MOM

peptido-

periplasm

membrane

o O
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W
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glycolipids:
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9 phospholipids



| Stani¢ne stijenke Gram-pozitivnih bakterija l

* 20-80 nm debeli peptidoglikanski sloj
* sadrzi tejhojevu kiselinu koje nema kod Gram-negativnih bakterija - funkcija nije sasvim

razjasnjena - odrzZavanje strukture i negativnog naboja stani¢ne stijenke
* rodovi Bacillus, Streptococcus, Staphylococcus, Clostridium....

Copynight © The McGraw-Hill Ci . Inc. P for rep or display.
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| Stanicne stijenke Gram-negativnih bakterija l

* nesto slozenija grada
* 2-8 nm debeli peptidoglikanski sloj okruzen 7-8-nm debelom vanjskom membranom

* periplazmatski prostor — moze ¢initi i do 40% ukupnog stani¢nog volumena

* vanjska membrana - lipopolisaharidi (LPS), Braunov lipoprotein, porin

* mnoge patogene bakterije su Gram-negativne bakterije

* Escherichia coli, rodovi Salmonella, Shigella, Klebsiella, Neisseria, Helicobacter, Haemophilus
\ l VT | / Phein A

\:%?,:\I‘\.///

04 saccharide ( S)
)\ .

Outer
membrane

Periplasmic
space and
peptidoglycan

’’’’’
4,,,4;f rrrrr

Plasma
membrane

Phospholipid Peptidoglycan

Integral protein



Antibiotik penicilin blokira sintezu stani¢ne stijenke]

-

» penicilin sprjecava sintezu peptidoglikana (transpeptidaciju)

Penicillin inhibition
of wall synthesis.

Incubation in isotonic :;ap'gst:fr:f: Swelling due ‘
, medium s to Ho0 influx Lysis
» — — —
Protoplast 4}
H,0

Figure 3.28 Protoplast Formation and Lysis. Protoplast formation induced by incubation with penicillin in an isotonic medium. Transfer to hypotonic
medium will result in lysis.

- stani¢na osmoza - difuzija vode kroz plazma-membranu iz hipotoni¢ne otopine (okolis) u
hipertoni¢nu otopinu (citoplazma)

* stanicna stijenka Stiti bakteriju od prsnuca - lize

* lizozim - enzim Kkoji razara stani¢nu stijenku bakterija — ne specifi¢na antimikrobna zastita
i prva linija obrane - slina, suze, majc¢ino mlijeko, bjelanjak jajeta

* protoplast — stanica Gram-pozitivne bakterije s uklonjenom stani¢nom stijenkom

» sferoplast — stanica Gram-negativne bakterije s djelomi¢no uklonjenom stani¢nom
stijenkom

* neke bakterije nisu osjetljive na penicilin jer nemaju stani¢nu stijenku - razred Mollicutes
(mikoplazme, ureaplazme, fitoplazme.....)




 plazma-membrane arheja sastoje se uglavnom od lipida koje se razlikuju od
bakterijskih i eukariotskih lipida

(b) Monolayer of Cy4g tetraethers




| Stani¢ne stijenke arheja l

' Protein sheath

. . R Plasmamembrane  BREC Tl Plasma membrane
» arheje ne karakteriziramo kao Gram Cytoplasm Cytoplasm

pozitivne ili Gram-negativne (@) ®)

QDOODD S-ayer

R ~ Pseudomurein
bhe b aahs ot ool
sy Plasma membrane

Cytoplasm Cytoplasm
() (d)

prTerTEETTE
_ Polysaccharides M. Outermost membrane
‘ Intermembrane compartment

pseudomurein — molekula sli¢na ZLie Plasmamembrane TERIGS U] Plasma membrane
peptidoglikanu mureinu Cytoplasm Cytoplasm
(e) U]

Figure 4.6 Archaeal Cell Envelopes. [a) Methanococcus, Halobacterium,
Pyrodictium, Sulfolobus, and Thermoproteus cell envelopes. (b) Methanospirillum
cell envelope. {c) Methanosarcina cell envelope. (d) Methanothermus and
Methanopyrus cell envelopes. (@) Methanobacterium, Methanosphaera,
Methanobrevibacter, Halococcus, and Natronococcus cell envelopes. For
Methanosphaera, the polysaccharide layer is composed of pseudomurein.

(f) kgnicoccus cell envelope. The outermost membrane contains protein
complexes that form pores.

* ne sadrze peptidoglikan

* S-sloj debljine 20 - 40 nm sastavljen
oteina ili glikoproteina




STANICA

POVRSINSKE STRUKTURE BAKTERIJSKIH

]L Cahura ili kapsula; glikokaliks ]

* tanja ili deblja sluzava naslaga na povrsini
bakterijskih stanica

« kemijski sastav je razli¢it u razli¢itih vrsta
bakterija: polisaharidi, polipeptidi ili jedno i
rugo (karakterizacija ¢ahure, npr. u reakciji
sa  specificnim antitijelima, doprinosi
identifikaciji bakterija)

karakter cahure odreduje izgled povrsine
bakterijskih kolonija

Fig. 3-53 Glycocalyx. Colorized micrograph of the glyco-
calyx (red) of a Gram-negative bacterium. (59,000%.)



I » Stiti stanicu od isuSivanja, patogene bakterije zasticuje od fagocitoze, omogucuje
pri¢vr§cenje na razli¢ite povrSine (i time prezivljavanje u odredenom okolisu),
, bakterije ¢ini otpornijima na napad bakteriofaga

 mutante nekih bakterija, nesposobne stvarati ¢ahuru, ne mogu prouzrociti razvoj
bolesti (Streptococcus pneumoniae, Clostridium perfrigens, Bacillus anthracis,
Haemophilus influenzae)

Klebsiella pneumoniae




neke bakterije stvaraju izrazito sluzavu kapsulu ako hranjiva podloga sadrzi
saharozu (Leuconostoc mesenteroides, Streptococcus mutans)

Streptococcus mutans - veza izmedu formiranja kapsule i predispozicija za
nastanak karijesa

|_Dental
plaque

IL

— Tooth enamel




 zubni plak - biofilm - zajednica mikroba ¢ije su stanice povezane medusobno i
pri¢vrs¢ene na neku biogenu ili abiogenu podlogu

» oko 1000 bakterijskih vrsta uklju¢eno u stvaranje zubnog plaka

» rodovi Streptococcus, Actinomyces, Lactobacillus...

 vrsta Streptococcus dentisani - izolirana iz osoba bez pojave karijesa — baktericidno
djelovanje na ostale bakterije plaka - potencijalni probiotik (ACDC klaster gena)

Acquired pellicle

Pellicle
formation
Streptococci

Actinomyces

Acid formation and Initial colonization by bacteria
caries development and e plague formation

FIGURE 38.34 Stages in Plaque Development and Cariogen-
esis. A drawing of a microscopic view of pellicle and plaque
formation, acidification, and destruction of tooth enamel.




* Formiranje biofilma -
quorum sensing

Tooth surface
Acquired enamel pellicle

<————— Early colonizers ———®» <& Late colonizers —»

FIGURE 38.35 The Formation of Dental Plaque on a Freshly Cleaned Tooth Surface.
The proposed temporal relationship of bacterial accumulation and multigeneric co-
aggregation during the formation of dental plaque on the acquired enamel pellicle.
Early tooth surface colonizers coaggregate with each other, and late colonizers coag-
gregate with each other. With a few exceptions, early colonizers do not recognize late
colonizers. After the tooth surface is covered with the earliest colonizers, each newly
added bacterium becomes a new surface for recognition by unattached bacteria.



FIMBRIJE (lat. fimbria - vlakno) I PILI (lat. pilus -
dlaka)

* manje nitaste tvorbe prisutne u ve¢cem broju na
povrsini stanice (¢es¢e u Gram-negativnih
bakterija)

* fimbrije - krace, 3-10 nm; pili - dulji, 9-10 nm

* gradeni su poput biceva, ali od druge vrste
proteina (fibrilin, odnosno pilin)

imbrije i “obi¢ni” pili sluze prihvac¢anju na

povrsinu drugih stanica (npr. na membranu

stanica sluznice)

spolni ili seksualni pili omogucduju bakterijsku
konjugaciju



* pili tipa [V - odgovorni za gibanje trzanjem (twitching motility) - Pseudonomonas
aeruginosa, Myxoccocus xanthus, Neisseria gonorrhoeae

Twitching
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Fig. 3-54 Pili and Fimbriae.
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I Bicevi ili flagele J

* filamentozne tvorbe na povrsini bakterijskih stanica promjera oko 20 nm, te duljine 15 do
20 Um

* uocavanje biceva: elektronskim mikroskopom, svjetlosnim mikroskopom nakon
impregnacije srebrnim solima



http://en.wikipedia.org/wiki/Image:Ecoli_flagellum.jpg

‘Grada bica |

* bazalno tijelo u¢vrscuje bi¢ na stani¢nu stijenku i plazma-membranu

* filament je izgraden od mnogo lanaca proteina flagelina isprepletenih oko
sredi$nje Supljine (stalnog je promjera, nije obavijen membranom)

r’-‘-‘\\\

Outer membrane u u Lid
Peptidoglycon layer B8 o
Periplasmic space i — g

A

el 11111 W iyl



Gram-negativna bakterija Gram-pozitivna bakterija
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grada bica arheja

© FlaB1: major flagellin
@ FlaB2: major flagellin
@ FlaB3: flagellin (hook)
@ FlaA: minor flagellin

,,,,,,,

Cytoplasmic

ATP ADP membrane

FIGURE 3.44 Archaeal Flagellum. The different shades of
blue in the filament illustrate that the filament is composed
of more than one type of flagellin. Clear images of the basal
body have not been obtained, although some electron
micrographs show a knob at the cell end of the flagellum,
as illustrated here.



Prema rasporedu i broju biceva razlikujemo
Cetiri tipa bakterijskih stanica:

monotrih - jedan bi¢

lofotrih — nakupina biceva s jedne ili obje strane stanice
amfitrih - po jedan bi¢ na svakom polu stanice

peritrih — viSe biceva rasporedenih jednoliko po cijeloj
povrsini bakterijske stanice

raspored i broj bi¢eva obiljezje su pojedinih
bakterijskih vrsta
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monotrih lofotrih peritrih
(Pseudomonas) (Spirillum) (Proteus vulgaris)




Bicevi sluze pokretanju bakterijskih stanica: rotacijom bazalnog tijela
okrece se poluukoceni filament i potiskuje stanicu kroz tekuci medij
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50 um
Slika 37.41.
Snimka traga bakterije E. coli
dobivenog mikroskopom koji
automatski slijedi kretanje bakterije
u tri dimenzije. Vremenski razmaci

snimljenih to¢aka iznose 80 ms (iz:
H.C. Berg, Nature 254/1975/:390).
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Slika I-24. Stapicasta bak-
terija Salmonella typhi [Sal-
monela tifi] tijekom diobe,
s otprilike 12 biceva (dulje
tvorbe) i vise od 100 fim-
brija (snimljeno elektron-
skim mikroskopom, poveca-
no 16 000 puta)


https://www.youtube.com/watch?v=MNR48hUd-Hw
https://www.youtube.com/watch?v=_BgDdkTKjM0
https://www.youtube.com/watch?v=4hexn-DtSt4

~ Ostali oblici gibanja bakterija razli¢iti od flagelarnog

| AKSIJALNI FILAMENTI ]

filament staniéna
\ stijenka

Leptospira interrogans

* nitaste tvorbe koje sluze pokretanju spiroheta

* pruZzaju se duz bakterijske stanice, izmedu peptidoglikanskog sloja stijenke i
vanjske ovojnice

* struktura im nalikuje strukturi bica

* rotacija filamenta uzrokuje rotaciju ukocene spiralne stanice u suprotnom smjeru
pa se bakterija pokrece poput svrdla kroz viskozni medij




GIBANJE KLIZANJEM (“GLIDING MOTILITY”) |

 nema vidljivih vanjskih struktura koje omogucuju ovaj tip gibanja

* mehanizam nije u potpunosti poznat

* neke cijanobakterije, miksobakterije, citofage i neke mikoplazme
(Mycoplasma mobile)

01.09.02, 1600 ; )



http://en.wikipedia.org/wiki/Image:Anabaena_sperica.jpg

- moguci mehanizmi putem sekrecije polisaharida

Polysaccharide

(a)

Cell movement

Rotation

Motors maintain fixed positions with respect to
the substratum and push the cell body forward.

(b)

FIGURE 3.48 Possible Mechanisms for the Adventurous
Motility of Myxococcus xanthus. (a) Polysaccharide secre-
tion model. (b) Focal adhesion model.




| GIBANJE TRZANJEM (“TWITCHING MOTILITY”)

Alternating
- istezanje i povlacenje pila tipa [V Pull Release

* Pseudonomonas aeruginosa, Myxoccocus
xanthus, Neisseria gonorrhoeae

® Attached pilus tip
O Released pilus tip

== Pilus under tension
- Pilus release


http://www.youtube.com/watch?v=yGMSQNBDq48

