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Cellular Visions: The Inner Life of a Cell




Aktinova ftilamenta
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Actin filaments (also known as microfilaments) are two-stranded helical
polymers of the protein actin. They appear as flexible structures, with a
diameter of 5-9 nm, and they are organized into a variety of linear bundles,
two-dimensional networks, and three-dimensional gels. Although actin
filaments are dispersed throughout the cell, they are most highly
concentrated in the cortex, just beneath the plasma membrane.

Micrographs courtesy of Roger Craig (i and iv); P.T. Matsudaira and D.R. Burgess (ii); Keith Burridge (iii).




Intermediarni (stfedni) filamenta
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Intermediate filaments are ropelike fibers with a diameter of around
10 nm; they are made of intermediate filament proteins, which constitute a
large and heterogeneous family. One type of intermediate filament forms a
meshwork called the nuclear lamina just beneath the inner nuclear
membrane. Other types extend across the cytoplasm, giving cells mechanical
strength. In an epithelial tissue, they span the cytoplasm from one cell-cell
junction to another, thereby strengthening the entire epithelium.

Micrographs courtesy of Roy Quinlan (i); Nancy L. Kedersha {ii); Mary Osborn (iii}); Ueli Aebi (iv).




Mikrotubuly

MICROTUBULES

25 nm
Microtubules are long, hollow cylinders made of the protein tubulin. With an
outer diameter of 25 nm, they are much more rigid than actin filaments.
Microtubules are long and straight and typically have one end attached to a
single microtubule-organizing center (MTOC) called a centrosome, as shown

here.
Micrographs courtesy of Richard Wade (i); D.T. Woodrow and R.W. Linck (ii); David Shima (iii); A. Desai (iv).




Microtubuly — klicové slozky cytoskeletu
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Molecular Biology of
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Mechanicke vlastnosti aktinu,
tubulinu a intermediarnich filament

intermediate filaments

microtubules

deformation
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Figure 16-17. Molecular Biology of the Cell, 4th Edition.




a-tubulin a B-tubulin heterodimer
- vysoce dynamicky polymer

Funkcni diversita:

-Vazba proteinu asociujicich s mikrotubuly (MAP);
-exprese ruznych isoforem (6 forem a-tubulinu a 7 forem 3-
tubulinu);

-posttranslacni modifikace.

B-tubulin

GTP g
tubulin heterodimer
(= microtubule subunit)

protofilament

iology of the

) a-tubulin

50 nm




Rust mikrotubulu
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Figure 16-8. Molecular Biology of the Cell, 4th Edition.
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Figure 16-11 part 3 of 3. Molecular Biology of the Cell, 4th Edition.




Dynamicka nestabilita




Rat Vascular Smooth Muscle Cells
EB1 a a-Tubulin znaceni -




Rychle zmény v prestavbé cytoskeletu béhem
vyvoje embrya Drosophily a Caenorhabditis
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l Figure 16-13. Molecular Biology of the Cell, 4th Edition.
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Cell, Vol. 96, 517-527, February 19, 1909, Copyright ©1990 by Cell Press

CLIP-170 Highlights
Growing Microtubule Ends In Vivo

Franck Perez,* Georgios S. Diamantopoulos,
Romaine Stalder, and Thomas E. Kreist
Department of Cell Biology
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bound GTP polymerizes at the plus ends, and, as micro-
tubules grow, the GTP bound to the p subunits is hy-
drolyzed so that normally only a small segment ot GTP-
tubulin should remain (discussed by Caplow, 1992;
Desai and Mitchison, 1997). This GTP cap is thought to
be necessary tor elongation of the polymer and to pre-
vent microtubules from depolymerization, while hydraoly-
sis of the nucleotide is a prerequisite for disassembly
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CLIP-170 Highlights
Growing Microtubule Ends In Vivo

Franck Perez,” Georgios S. Diamantopoulos, bound GTP polymerizes at the plus ends, and, as micro-
Romaine Stalder, and Thomas E. Kreist tubules grow, the GTP bound to the B subunits is hy-
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Figure 16-2. Molecular Biology of the Cell, 4th Edition.
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Figure 16-21. Molecular Biology of the Cell, 4th Edition.




Microtubuly — cile protinadorové lécby

Jordan M.A. and Wilson L.

Nature Rev. Cancer,
Vol 4, 2004, 253-265

Table 1 | Antimitotic drugs, their diverse binding sites on tubulin and their stages of clinical development

Binding domain

Winca dornain
Inhibice
polymerizace

Colchicine domain

Inhibice
polymerizace

Taxare site
Stablizace
polymerizace

Other microtubule
binding sites

Related drugs or
analogues

Vinblastine (Velban)
Vincristing (Oncovin)

Vinorelbine (Navelbing)

Vinflunine

Cryptophycin 52

Halichondrins (such as EV389)
Dolastating (such as TZT-1027)
Hemiasterling (such as HTI-286)
Colchicine

Combretastatins
(AVEBDB2A, CA-1-B,
CA-4-P, N-acetylcolchicinol-
O-phosphate, ZD6126)

2-Methoxyestradiol

Methoxybenzene-
sulphonamide
(such as ABT-751, E7010)

Paclitaxel (Taxol), TLOO139
and other analogues
of paclitaxel

Docetaxel (Taxotere)

Epothilones (such as BMS-
247550, epothilones B and D)

Discodermolide
Estramustine

Therapeutic uses

Hodgkin's disease, testicular
germ-cell cancer

L eukaemia, lymphomas

Solid tumours, lymphomas,
lung cancer

Bladder, non-small-cell lung
cancer, breast cancer

Solid tumours

Potential vascular-targeting agent

Non-neoplastic diseases (gout,
familial Mediterranean fever)

Potential vascular-targeting agent

Solid tumours

Owarian, breast and lung tumours,

Kaposi's sarcoma; trials with
numerous other tumours
Prostate, brain and lung tumours

Paclitaxel-resistant tumours

Prostate

Stage of clinical development

In clinical use; 22 combination
trials in progress

In clinical use; 108 combination
trials in progress

In clinical use; 29 Phase -
clinical trials In progress
(single and combination)

Phase Il

Phase Il finished

Phase |

Phase I; Phase Il completed
Phasel

Appears to have falled trials,
presumably because of toxicity

Phase |, Il

Phase |
Phasel, Il

In clinical use; 207 Phase HII
trialg in the United States;
TLOO139 Is in Phase | trials

8 trials in the United States
(Phases -Il)

Phases HII

Phase |

Phases HII, in numerous
combinations with taxanes,
epothilones and Vinca alkaloids

References

75-77,131

132-134

135-137

131,138

139,140
68,141-143
144
145,146
89-90

91,147

148,149
150

82, 151-153

154,155

156-159

160-164
122, 165-168

Information on clinical trials was obtained from the National Institutas of Haalth Clinical Trials wab site (www.clinicaltrials gov), the European Organisation for Ressarch and
Treatment of Cancer web sita (www.sortc.ba) and the Proceedings of the American Association for Cancer Research meeting in 2003 (www.aacrorg). CA-4-P,
combretastatin-A-4 3-0-phosphats; GA-1-P, combrastatin A-1-phosphate.

Pirotenin — specificky pro a-tubulin (vaze kovalentné Lys)

Usui T. et.al.
Chem. Biol., Vol 11, 2004, 799-806.




Shrnuti - 1

m Mikrotubuly jsou klicové komponenty
cytoskeletu

m Hydrolyza GTP je dulezita pro dynamiku
MT

m Mikrotubuly jsou cilem protinadorove
terapie
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Figure 16-22. Molecular Biology of the Cell, 4th Edition.
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Figure 16-23. Molecular Biology of the Cell, 4th Edition.

m Centrioly jsou soucasti centrosomu —
valcovité usporadané kratke MT
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Fiiure 16-31. Molecular Biology of the Cell, 4th Edition.
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MAP mohou regulovat stabilitu MT

- MAP2 = prostornejsi MT

-tau = kompaktni MT
-catastrophin = destabilizuje MT

microtubule
tau
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Figure 16-33. Molecular Biology of the Cell, 4th Edition.




Regulace stability MT
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Figure 16-36 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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motor domain

500 amino acids

Figure 16-55. Molecular Biology of the Cell, 4th Edition.

Molekulove motory spojene s mikrotubuly
- Kinesiny (=»+) a dyneiny (> -)

cytoplasmic dynein ciliary dynein

Figure 16-56. Molecular Biology of the Cell, 4th Edition
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Figure 16-63. Molecular Biology of the Cell, 4th Edition.
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Polymerizované
MT jsou klicove
pro lokalizaci

Golgiho aparatc

(B) I

Nocodazole — 10 pm

- depOIymerizace MT Figure 16-62. Molecular Biology of the Cell, 4th Edition.
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Usporadani mikrotubulu
VvV rasince nebo biciku

(9+2)
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Figure 16-77. Molecular Biology of the Cell, 4th Edition.
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Rasinkovy dynein
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Figure 16-78. Molecular Biology of the Cell, 4th Edition.
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Fiiure 16-80. Molecular Biology of the Cell, 4th Edition.
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Organizace mikrotubulu ve fibroblastu a neuronu

neuron cell

» vesicle with bound dynein
e vesicle with bound kinesin
== Microtubule

(A) FIBROBLAST (B) NEURON

synapse

Figure 16-98. Molecular Biology of the Cell, 4th Edition.




Shrnuti - 11

m dynamika MT muze byt regulovana pomoci
MAP

m hydrolyza ATP je zdroj energie pro pohyb
molekulovych motoru asociovanych s MT -
Kinesinu a dyneinu

m dynein-MT komplex je zdrojem pohybu
rasinek a bicCiku
B = organizace MT zavisi na buneécném typu

|




Mikrotubuly — rozlehla rodina proteinu
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S.K. Dutcher, Long-lost relatives reappear: identification of
new members of the tubulin superfamily, Curr Opin Microbiol
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af} - heterodimeric protein; basic building block
of microtubules

Yy - essential role in initiating microtubule
assembly at MTOCs, such as spindle pole
body, centrosome and basal body

d - localized to the centrosome or basal body
and other regions

€ - localised to the centrosome in cell-cycle-
dependent manner

( - localized to the basal body of Trypanosoma
brucei

n - no localization data availahle

McKean P.G. et.al.
J. Cell Sci., 114, 2001, 2723-2733




Posttranslacni modifikace tubulinu

Polyglutamylation
| = A2-Tubulin
Acetylation E (Irreversible)

Ac E ‘-.‘ :

| | L
H,N - BiLys40 sy Cys 376 mmm Glu44°mmmm G EE Y-COOH

S G "«
G : !
Palmitoylation g G Tyrosination/
G Detyrosination

Polyglycylation (Reversible)

Soucek et al. Prostate 2006 podle
Westermann S., Weber K. Nature Rev. Mol. Cell. Biol., Vol 4, 2003, 938-947




Posttranslacni modifikace tubulinu

a-tubulin

HpM —

Modification
Acetylation/deacstylation

Comments

GEEY

HalM

TTL clonad
Generation of A2-tubulin

HalM

HalM

45 ~ppy  Polyglutamylation

Hal

HaMN

38 ~ppy  Polyglycylation

G residues
Sk ceey Palmitoylation

HalM

yeast a-tubulin on
residue 378

@ GEEY Phosphorylation

Only et-tubulin; marker for
stable microtubules

cee  Tyrosination/dstyrosination Rewversible; enzyme

Only o-tubuling marker
GE for stable microtulbules

ot- and -tubulin; muitiple
E giutarmylation sites possible;
E up to 20 side-chain residus

ot- and f-tubuling multiple
o ghycylation sites possible;
G up to 3040 side-chain

Demonstrated for budding

Ectizr ectablizhed for
B-tubulin on Sardd1/444

Table 1 |ﬂUETUiEW of the various tubulin modifications and their proposed functions

Proposed functions

Ragulation of call motility,
binding of MAPs to microtubules

Crosstalk to intermediate
flaments; differentiation

Removing tubulin from
tyrosination cycle; marking
microtubules for polyghycylation?

Ganhjir:ﬂe maturation and

Essential in Tetrahymena for:
axonsmal organization, ciliary
mctility, cytokinesis (severing
of microtubules)

Positioning of astral
microtubules in budding

yeast; interaction with cell
cortex?

Meurcnal difierentiation?

ol. Cell. Biol., Vol 4, 2003, 938-947

., Weber K.

Ag, poatate; Of, Crthidia fasdiculata; £, glutamic acd: &, ghvoing; Mek, MIMA (nevsr in mitosis gans Al-related kinase: HDACE, histons deacetyviass &; MAP microtubuls-
assooiatsd protain; P phosphata; SIAT, Sird homologue; TTL, tubuln tyroaing ligass; Y, tyrosine.




The tyrosination cycle of a-tubulin

Tyrosinated o-tubuln [Tyr-tuk)

. EE

R FE

Detyrosinated o-tubulin
(Glu-tub)

EE

AZ-tubulin

., Weber K.
ol. Cell. Biol., Vol 4, 2003, 938-947




Profil posttranslacnich modifikaci
a-tubulinu jako mozny ,.fingerprint®
nadoru prostaty.

l Soucek, K. et al., 2006



Rakovina prostaty

Histologické zmeny
Muzi starsi 50ti let: 30%
Muzi starsi 80ti let: 70%

Klinicky vyskyt

Nejcastéji diagnostikovany novotvar u muzd.
Primarni nddory: maligni, zlazového plivodu — adenokarcinomy.
Sekundarni nadory: kostni metastaze.

MENGL ) MED 349:4 WWW.MEJM.ORG JULY 24, 2003

Prognoza

Zavisi na fazi ve které je nador zachycen a lécen. U stadii 1-3
>60% pacientt preziva >5let. Ve stadiu 4 (metastaze) ma pouze
30% nadéeji na doziti >5let.

Lécba
Chirurgicka, radioterapie, anti-androgenni terapie, chemoterapie.

Jmrtnost
reti nejCastéjsi pricCina umrt’na nadorové onemocneéni.
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A Cancer Journal for Clinicians




Stages 1 and 2
(Cancer that is only in the prostate gland, PSA)

Between 65 - 98% with stage 1 and 2 prostate cancer will live for more than five years
after they are diagnosed.

Stage 3
(Cancer cells have spread outside the covering (capsule) of the prostate gland to tissues
around the prostate but not to the lymph nodes.)

About 60% diagnosed with stage 3 prostate cancer will live for more than five years after
diagnosis.

Stage 4

(Cancer cells have spread (metastasized) to lymph nodes (near or far from the prostate
gland) or to organs and tissues far away from the prostate such as the bone, liver, or
lungs.)

About 20 -30% have cancer spread to another part of their body when they are
diagnosed with prostate cancer.

About 30% men with advanced prostate cancer will live for more than five years after
diagnosis.

On average, men in this situation can expect their cancer to respond to treatment
for about 12 to 18 months. Average survival after that is about another two years.




Future Diagnostic tools

*Gene Chip Analysis (prostate specific genes)
*Proteomic (tissue, serum, urine)

=»specific ~ “fingerprint”
~ “signature”
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Soucek, K. et al., 2006
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a-Tubulin

GEE
Soucek, K. et al., 200
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Tubulin Tyrosine Ligase - potential tumor supressor?

Journal of Cell Science 111, 171-181 (1958)
Printed in Great Britain ® The Company of Biologists Limited 1998
JCS9695

Laurence Lafanechére!*, Céline Courtay-Cahen?*1, Toshiaki Kawakami?, Michéle Jacrot?,
Manfred Riidiger?, Jiirgen Wehland®, Didier Job! and Robert L. I'l.|'1arg-::-Ii55=t

[CANCER. FESEARCH 61, 5024-3027, July 1, 2001]

Tubulin Detyrosination Is a Frequent Occurrence in Bre
. 1
Poor Prognosis

Agnes Mialhe,” Laurence Lafanechére,” Isabelle Treilleux, Nadine Peloux. Charles Dumontet, Alain Brémond,
Meng-Hong Panh. Raoul Pavan, Jiirgen Wehland, Robert-Louis Margolis, and Didier Job?

Int. J. Cancer: 112, 365-375 (2004)

g Publication of the International Union Against Cancar
@ 2004 Wiley-Liss. Inc. ice

e

LOW EXPRESSION OF HUMAN TUBULIN TYROSINE LIGASE AND

SUPPRESSED TUBULIN TYROSINATION/DETYROSINATION CYCLE ARE

ASSOCIATED WITH IMPAIRED NEURONAL DIFFERENTIATION IN
ASTOMAS WITH POOR PROGNOSIS

Chiaki Kato!'2, Kou Mrvazakr', Atsuko Nakacawa®, Miki Omra', Yohko Nakamura!, Toshinori Ozaxr', Toshio Imar® and
Akira Nakacawara'®




tubulin tyrosine ligase expression in prostate epithelial cells

6\ Tyroginated ce-tubulin (Tyr-tul)
& QQA & o N

Q.gl Q/\/’ \/% QO NP 2 L
T C—— N— TTL Dietyrominatsd o-tubulin

- 2 e o (Glu-tub)

-
T ——— ] ﬁ—ACtln
EE
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Soucek, K. et al., 2006




Glu-Tubulin and Tubulin - Tyrosine Ligase expression in prostate
epithelial cells - proof of the concept
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Soucek, K. et al., 2006




SUMMARY

‘Normal and prostate cancer cells display distinct molecular
profiles of a-Tubulin posttranslational modifications

‘Low expression of tubulin tyrosine ligase is characteristic
also for prostate cancer cells

‘Different profile of post-translation modifications a-Tubulin in
various prostate epithelial cell lines show the possibility to
distinguish the stages of cancer disease and has the potential
- to establish a novel tool to diagnose and treat prostate cancer.

Soucek, K. et al., 2006




Shrnuti - 111

m Postranslacni modifikace MT mohou
ovlivhovat jejich funkci

m detyrosinace a-tubulinu je evolucne
konzervovany proces — klicovym
enzymem je tubulin tyrosin ligaza (TTL)

m detyrosinace a-tubulinu koreluje s
rozvojem nekterych nadorovych
I onemocnéni

|




Shrnuti prednasky

m struktura
m dynamika
m posttranslacni modifikace

Na konci dnesSni prednasky by jste méli:

1. znat zakladni strukturu mikrotubuli (MT);
2. umét popsat zpusob jakym fizena dynamika a stabilita MT;
3. znat zakladni postranslacni modifikace MT.




