1. Bakterialni cytoskelet

Bakterialni bunka obsahuje fadu vlaknitych proteinli nutnych pro regulaci tvarovani
buiikky, bunééné déleni a segregaci chromozomu. Jsou tedy analogické eukaryotnim
cytoskeletarnim proteiniim, a to nejen svou 3D strukturou, ale i biochemickymi vlastnostmi.
Nedavné technologické pokroky osvétlily vazby mezi bunéénym délenim a segregaci
chromozom
Michie KA, Lowe J. (2006): Dynamic filaments of the bacterial cytoskeleton. Annu Rev
Biochem.;75:467-92.

Byly objeveny struktury analogické vSem tfem cytoskeletarnim strukturam eukaryotni
buniky (Yu-Ling Shih and Lawrence Rothfield (2006): The Bacterial Cytoskeleton.Microbiology
and Molecular Biology Reviews, p. 729-754, Vol. 70, No. 3). Hraji diilezitou roli pfi bunééném délenti,
bunécné polarité, regulaci tvaru buniky, rozdélovani plazmidl atd. Bakteridlni cytoskeletarni
proteiny se samouspotadavaji ve vlaknité struktury in vitro a tvofi organizované vlaknité
struktury in vivo:

2. Pavod bakterialniho aktinového cytoskeletu

Je dokazano, Ze v bakteridlnich buikéach funguje analog tubulinu, jmenovité FtsZ
(filamentous-temperature sensitive protein Z). Pomoci imunofluorescence byl rovnéz u druhu
Bacillus subtilis objeven analog aktinu - protein MreB. Formuje spirdlovité struktury pod
cytoplazmatickou membranou (L.J.F. Jones, R. Carballido-Lopez and J. Errington, Cell, 104,
913-922 (2001). Studie distribuce MreB genii v fiSi Bacteria ukazuji, ze nesférické bunky
vlastni jeden nebo vice téchto genli. Bunky Bacillus subtilis bez tohoto genu ztraci svij tvar.
Zbyva pochopit, zda MreB formuje vldkna. Purifikovany protein MreB z bunék Thermotoga
maritima je scopen in vitro formovat polymery podobné jako eukaryotni aktin (F. van den
Ent, L.A. Amos and J. Lowe, Nature, 413, 39-44 (2001)). Pohled na polymery pod
elektronovym mikroskopem ukazal, ze se skladaji z paru filamenti — kazdy byl vldkno
protomeru.

Podobnost mezi MreB a a aktinem byla zkoumana na krystalické struktufe proteinu MreB
bunék (7. maritima) pomoci MAD (multiple anomalous dispersion. Strukturalné jsou si tedy
podobné, i svou orientaci. Trigondlni krystaly MreB (P3,21,a=b=51.58 A, ¢ =292.37 A) .
formuji dvé shodné podjednotky, stejné¢ jako u aktinu. Kombinaci rentgenového zafeni a
elektronové mikroskopie se doSlo k zavéru, Ze polymerované podjednotky aktinu a MreB
formuji shodna protofilamneta.

Existuje v§ak markantni rozdil mezi polymery MreB a F-aktinem. Eukaryotni aktin je tvofen
dvéma protofilamenty jemné propletenymi do helikalniho vldkna, zatimco bakterialni ,,aktin®
sestava z paru rovnych protofilament

(F. van den Ent, L.A. Amos a J. Lowe (2007): Bacterial Origin of the Actin Cytoskeleton.
MRC-Laboratory of Molecular Biology, Cambridge (UK)
http://www.esrf.eu/UsersAndScience/Publications/Highlights/2001/life-
sciences/LS10.html)

Obr:
Srovnani protofilamnet F-aktinu a proteinu MreB. Jsou znazornény tii podjednotky obou
polymerti, kazda ze ctyt domén rizné barvy. Podélné uspotadani je podobné:
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F-actin MreB

Dalsimi podrobn¢ studovanymi proteiny s vlastnostmi aktinu jsou ParM (E. coli) a MamK
(Magnetospirillum magneticum) a crescentin — podobnost intermediannim filamentim
(Caulobacter crescentus).
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Obrazky: (Yu-Ling Shih and Lawrence Rothfield (2006): The Bacterial
Cytoskeleton.Microbiology and Molecular Biology Reviews, p. 729-754, Vol. 70, No. 3).
http://mmbr.asm.org/cgi/content/full/70/3/729?view=long&pmid=16959967

3. Caulobacter crescentus

www.yale.edu/jacobswagner/research.htm:
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Strukturalni analog aktinu (MreB) - predurceni tvaru bunék C. crescentus,

Escherichia coli, Bacillus subtilis. Koordinuje bunéénou morfogenezi, ve spojeni
s MreC (proteinem obalujicim buiiku uvnité periplazmatického prostoru.
V buinikach Caulobacter crescentus, je protein MreC spojen s penicilin vazajicim
proteiny (PBPs), které katalyzuji  inzerci intracelulirné syntetizovanych
prekurzori do bunécné stény. Protein MreC je podstatny pro prostorovou
organizaci sloZek holoenzymii v periplazmé syntetizujicich peptidoglykan (MreB
ridi Fidi lokalizaci prekurzori peptidoglykanu v cytosolu). Fluorescen¢ni znaceni
vankomycinem (Van-FL) také dokazuje, Ze cytoskeletarni proteiny MreB a FtsZ,
stejné jako MreC a RodA pisobi pri syntéze PG. Je dokazano, Ze proteiny MreB
a FtsZ jsou vyzadovany pro morfogenezi polarni stélky. FtsZ (filamentous-
temperature sensitive protein Z) je vyZadovan pro start casné syntézy
peptidoglykanu vedouci k tvorbé mezivrstev, zatimco MreB je nutny pro
prodluzovani stélky. Bakterialni cytoskelet a proteiny urcujici tvar buné¢né stény
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jako MreC spolupracuji pri lokalizaci komplexi koordinované syntetizujicich
bunécnou sténu
(Arun V. Divakaruni, Cyril Baida, Courtney L. White and James W. Gober (2007): The
cell shape proteins MreB and MreC control cell morphogenesis by positioning cell wall

synthetic complexes. Molecular Microbiology, Volume 66, Issue 1, Page 174-188, doi:
10.1111/5.1365-2958.2007.05910.x)
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¢ Protein bunééného déleni: FtsZ (filamentous-temperature sensitive protein Z), je
homologem tubulinu (bakterie tedy vlastni struktury vlaknitého cytoskeletu). U
caulobactera hraje roli i v prodluZovani buiiky — reguluje prostorové umisténi
enzymu MurG produkujiciho lipid II (prekurzor peptidoglykanu). Casné
umisténi FtsZ do kruhové struktury béhem prodluZovani buiiky je nasledovano
prevedenim MurG a presmérovani syntézy prekurzori peptidoglykanu do stiedu
buiiky. Déje se tak prred bunéfnou konstrikcei s prispénim k elongaci buiiky. Za
nepritomnosti FtsZ se enzym MurG neakumuluje uprostied buiiky a bunééna
elongace pokracuje inzerci peptidoglykanu i po okrajich bunééné stény. Buiika
tedy k elongaci vyuZiva systém syntézy bunécné stény zavisly i neavisly na FtsZ;
diilezitost jednoho nebo druhého reZimu zavisi na nacasovani usporadani FtsZ
béhem elongace buriky.
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(Aaron M, Charbon G, Lam H, Schwarz H, Vollmer W, Jacobs-Wagner C. (2007) The tubulin

homologue FtsZ contributes to cell elongation by guiding cell wall precursor synthesis in
Caulobacter crescentus. Mol Microbiol. 64:938-52.)
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¢ Crescentin — podobny intermedidanim filamentim — helixy a zak¥iveni
bunék Caulobacter — asymetrické samousporadavani molekuly — tvar b.
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Fig. 3: Crescentin colocalizes with the inner cell curvature near the

Fig. 2: Crescentin i=s required for the wibrioid and helical membrane. (A) Overlay hetween crescentin-GFP (green) and the
shapes of C. crescenfus Scale bar, 2 pm. membrane dye FM4-B4 (red) in live merodiploid cres-gfp creS cells.
FPhoto eodmted courtesy of Cell Press. (B Immunofluorescence overlay between crescentin (red) and DAPI (blueg)

stainings. FPhoto mprinted coudesy of Call Press.




4. Gliding motility

Makoto Miyata, profesor Osaka City University zkoumal klouzavy pohyb Mycoplasma
mobile. Za pomoci cytoskeletarnich filament udrzuji nesféricky tvar. (They look like schmoos
that are pulled along by their heads. How they are able to glide is a mystery.)

Miyata, M., Ryu, W.S., and Berg, H.C. "Force and velocity of Mycoplasma mobile gliding."
J. Bacteriol. 184, 1827-1831 (2002).
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The recognition of bacterial asymmetry is not new: the first high-resolution microscopy
studies revealed that bacteria come in a multitude of shapes and sometimes carry
asymmetrically localized external structures such as flagella on the cell surface. Even so, the
idea that bacteria could have an inherent overall polarity, which affects not only their outer
appearance but also many of their vital processes, has only recently been appreciated. In this
review, we focus on recent advances in our understanding of the molecular mechanisms
underlying the establishment of polarized functions and cell polarity in bacteria.
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The past decade has witnessed the identification and characterization of bacterial homologs of
the three major eukaryotic cytoskeletal families: actin, tubulin and intermediate filaments.
These proteins play essential roles in organizing bacterial subcellular environments. Recently,
the ParA/MinD superfamily has emerged as a new bacterial cytoskeletal class, and imaging
studies hint at the existence of even more, as yet unidentified, cytoskeletal systems. Much as
the cytoskeleton is used for different purposes in different eukaryotic cells, the specific
identities, functions and regulatory mechanisms of cytoskeletal proteins can vary between
different bacterial species. In addition, extensive cross-talk between bacterial cytoskeletal
systems may represent an important mode of cytoskeletal regulation. These themes of
diversity, species-specificity and crosstalk are emerging as central properties of cytoskeletal
biology.
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