Laborator rustovych regulatoru

Miroslav Strnad

Fyziologie rostlinné buriky , cytoskelet,
bunécné déleni a onkogeneze [kap 1]

e Univerzita Palackého & Ustav experimentalni botaniky AV CR

http:lirustreg.upol.cz Laboratory of Growth Regulators i



r eprdenmis
{dermal tisue)

f Epidermis

- Cuticla

Ejpi
[

- dytam |

— Phloemn |

1] Root

Middle lamella npde pit

iy wall

http:llrustreg.upol.cz b M ibranae

Laboratory of Growth Regulators




IA) Dermal thesue: epldermal cells (B} Ground tasue: parenchyma cells

(Ch Ground Sisswe: callanchyma cells

Muclpus

al
iy

LU TR &

LTI

T L
s wngw

TR NTE
E naBad el gs




Vacuole Tonoplast Mucleus
! A o A
A, | ¢ 3
; ih ; \ MNuclear
Peroxisome \ ) envelope Mucleclus Chromatin
% L% y ]

Ribosomes

.I—"-- _--- o " : L R -] St = Rﬂugh
Compound=—] N s, = : endoplasmic
middle : e L ’ 1 reticulum
lamella : i : " —

- Smooth
endoplasmic
reticulum

Primary cell wall—— ‘

Plasma membrane —

| Middie lamella’ . \
! Golgl body

Cell wall <

] Primary cell wall’ "Cwlnrﬂplasl

Y
Intercellular
air space

FIGURE 1.4  Diagrammatic representation of a plant cell. Various intracellular com-
partments are defined by their respective membranes, such as the tonoplast, the
nuclear envelope, and the membranes of the other organelles. The two adjacent pri
mary walls, along with the middle lamella, form a composite structure called the
compound middle lamella,
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FIGURE1.7 (A) Iransmission electron micrograph of a plant cell, showing
the nucleolus and the nuclear envelope. (B) Freeze-etched preparation of
nuclear pores from a cell of an onion root. (A courtesy of R. Evert; B cour-
tesy of D. Branton.) -
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FIGURE 1.8 Schematic model of the structure of the nuclear
pore complex. Parallel rings composed of eight subunits
each are arranged octagonally near the inner and outer
membranes of the nuclear envelope. Various proteins form
the other structures, such as the nuclear ring, the spoke-
ring assembly, the central transporter, the cytoplasmic fila-
ments, and the nuclear basket.




FIGURE 1.8 Packaging of DNA In a metaphase caromao-
some. The DNA is first aggregated into nucleosomes and
then wound to form the 30 nm cheomatin fibers, Further
coiling leads to the condensed metaphase ChTomosnme,
[ After Alberts et al. 2002.)
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{A) Rough ER (surface view)

FIGURE 1.11  The endoplasmic reticulum. (A) Rough
ER can be seen in surface view in this micrograph
from the alga Bulbochaete. The puh-'l]l:ln*m-n'l&"-. (strings
of ribosomes attached to messenger RNA) in the
rough ER are clearly visible. I‘nlu ribosomes are also
present on the outer surface of the nuclear env elope
{N-nucleus). (75,000=) (B) Stacks of regularly
arranged rough endoplasmic reticulum (white arrow)
in hlandular trichomes of Colews blumei. The plasma
membrane is indicated by the black arrow, and the
material outside the plasma membrane is the cell
wall. (75,000} (C) Smooth ER often forms a tubular
network, as shown in this transmission electron
micrograph from a voung petal of Primula kewensis,
(45,000=) (Photos from Gunning and Steer 1996.)

Ribosomes

(B} Rough ER (cross section)

transfer of the elongating polypeptide across the EK mem-
brane into the lumen. (In the case of integral membrane
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FIGURE 1.12  Electron micrograph of a Golgi apparatus in a tobacco (Nicotiana
tabacum) root cap cell. The cis, medial, and trans cisternae are indicated. The trans
Golgi network is associated with the trans cisterna. (60,000%) (From Gunning and
Steer 1996.) '



FIGURE 1.13 DPreparation of clathrin-coated vesicles isolated
from bean leaves. (102,000x) (Photo courtesy of D. G.
Robinson.)



Protein body

Lytic vacuole

FIGURE 1.14 Light micrograph of a protoplast prepared
from the aleurone layer of seeds. The fluorescent stain
reveals two types of vacuoles: the larger protein bodies (V)
and the smaller lytic vacuoles (V,). (Photo courtesy of I’
Bethke and R. L. Jones.)




—

Intermembrane space —
1

;Outer membrane —

/ -

{ Inner membrane —_
|

A

A
&

KW -
T TR

'i- !

FIGURE 1.15 (A) Diagrammatic representation of a mito-
chondrion, including the location of the H*-ATPases
involved in ATP synthesis on the inner membrane.

(B) An electron micrograph of mitochondria from a leaf cell
of Bermuda grass, Cynodon dactylon. (26,000x) (Photo by S.
E. Frederick, courtesy of E. H. Newcomb.) :
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FIGURE 1.17 Electron micro-

-aph of a chromoplast from
tomato (Lycopersicon esculen-
tum) fruit at an ea rly stage in
the transition from chlo
to chromoplast. Small grana
stacks are still visible. Crystals
of the carotenoid lycopene are
indicated by the stars.
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FIGURE 1.18  Electron micrographs illustrating several
stages of plastid development. (A) A higher-magnification
view of a proplastid from the root apical meristem of the
broad bean (Vicia faba). The internal membrane system is
rudimentary, and grana are absent. (47,000x) (B) A meso-
phyll cell of a young oat leaf at an early stage of differentia-
tion in the light. The plastids are developing grana stacks.
(C) A cell from a young oat leaf from a seedling grown in
the dark. The plastids have developed as etioplasts, with
elaborate semicrystalline lattices of membrane tubules
called prolamellar bodies. When exposed to light, the etio-
plast can convert to a chloroplast by the disassembly of the
prolamellar body and the formation of grana stacks.

(7,200x) (From Gunning and Steer 1996.) ]
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FIGURE 1.20 (A) Electron micrograph of an oleosome

beside a peroxisome. (B) Diagram showing the formation of
oleosomes by the synthesis and deposition of oil within the Oil body Oleosin
phospholipid bilayer of the ER. After budding off from the

ER, the oleosome is surrounded by a phospholipid mono-

layer containing the protein oleosin. (A from Huang 1987; B

after Buchanan et al. 2000.)
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FIGURE 1.21  (A) Drawing of a microtubule in longitudinal
view. Each microtubule is composed of 13 protofilaments,
The organization of the o and B subunits is shown. (B)
Diagrammatic representation of a microfilament, showing
two strands of G-actin subunits.




Mikrotubularni cytoskelet

o a B—tubulin u rostlin

Mikrotubularni organizacni centra — MTOCs — na
plazmalemé¢ a jaderné membrané, vyssi rostliny nemaji
centrosom (centrioly), v pfechodu do mitosy na jaderne
membrané, hlavné y—tubulin

MAPs — bilkoviny asociované s mikrotubuly
velmi typicke pro rostliny, napojeni cytoskeletu na
membrany, zvysuji odolnost vici chladu, reguluje MAP -
fosfolipasa D, kateniny — Stépi miktrotubuly na fragmenty
Mirkotubularni motory — slouzi k vnitrobunéénému

transportu vacku po povrchu cytoskeletu, ATP, pouze v
jednom sméru, kinesin (od - k + konci) misto dyneinu



Aktinovy cytoskelet

F-aktinova mikrofilamenta u rostlin, F-aktin
(fibrilarni), z G-aktinu (globularni), vaze ATP a
profilin sklada mikrofilamenta

ARPs — bilkoviny asociovan¢ s aktinem, ADF —
faktory depolimerujici aktin

Aktinove motory — slouzi k vnitrobunéénému
transportu vacku po povrchu cytoskeletu, ATP,
pouze v jednom sméru, myosiny, indukuji
proudéni cytoplasmy (cyklosa), Casto vazan na
mikrotubuly- stabilizace
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FIGURE 1.23 Fluorescence micrograph taken with a confocal microscope showing
changes in microtubule arrangements at different stages in the cell cycle of wheat
root meristem cells. Microtubules stain green and ye llow: DNA is blue. (A-D)
Cortical microtubules disappear and the prej "'ll.:j."'}‘ld‘-ut_* band is formed around the
nucleus at the site of the future cell plate. (E-H) The prophase spindle forms from
foci of microtubules at the poles. (G, H) The preprophase band disappears in late
prophase. (I-K) The nuclear membrane breaks down, and the two poles become
more diffuse. The mitotic spindle forms in parallel arrays and the kinetochores bind
to spindle microtubules. (From Gunning and Steer 1996.)
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FIGURE 1.24 Diagram of mitosis in plants.
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Cell cycle and cancer
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Stabilization of p53/induction of p21
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G1/S regulatory mechanisms in plant cells
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FIGURE 1.25 Electron micrograph of a cell plate forming in a
=/ maple seedling (10,000x). (© E. H. Newcomb and B. A.
Palevitz/Biological Photo Service.)

the two chromatids of each replicated chromao
which were held together at their kinetochor:
separated and the daughter chromosome
pulled to opposite poles by spindle fibers.

At a key regulatory point early in G, of t!
cycle, the cell becomes committed to the init
of DNA synthesis. In yeasts, this point is .
START. Once a cell has passed START, it i
versibly committed to initiating DNA synthes
completing the cell cycle through mitosi:
cytokinesis. After the cell has completed mitx
may initiate another complete cycle (G, th
mitosis), or it may leave the cell cycle and dif
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FIGURE 21.13 The regulation of growth and organ formation in
cultured tobacco callus at different concentrations of auxin and
kinetin. At low auxin and high kinetin concentrations (lower left)
buds developed. At high auxin and low kinetin concentrations
(upper right) roots tlL‘\'-L']':'lFt'Li. At intermediate or high concentra-
tions of both hormones (middle and lower right) undifferentiated
callus developed. (Courtesy of Donald Armstrong.)




2. A virulent bacterium carries a Ti plasmid
in addition to its own chromosomal DNA,
The plasmid’s T-DNA enters a cell and
integrates into the cell’s chromosomal DNA.

T-DNA DNA

Mucleus—L.

Chromosome X

Agrobacterium 5 A
dCier! \ J/

tumefaciens

Transformed

1. The tumor is initiated plant cell

when bacteria enter a
lesion and attach
themselves to cells.

3. Transformed cells
proliferate to form a
crown gall tumor.

4. Tumor tissue can be“cured” of
bacteria by incubation at 42°C.
The bacteria-free tumor can be
cultured indefinitely in the
absence of hormones.

FIGURE 21.4 Tumor induction by Agrobacterium tumefaciens. (After Chilton 1983.)
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FIGURE 21.5 The two major opines, octopine and nopaline, are found only in crown
gall tumors. The genes required for their synthesis are present in the T-DNA from
Agrobacterium tumefaciens. The bacterium, but not the plant, can utilize the opines as

a nitrogen source.
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Gene for Gene for
Genes for cytokinin Genes for octopine
T-DNA auxin biosynthesis biosynthesis tumor growth synthase
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Mutation or deletion

of these regions gives

Ti plasmids that —
initiate tumors with
specific characteristics:

Shooty tumors Rooty tumors produced Large, undifferentiated tumors
produced by tms by tmr mutations or produced by tm/ mutations or
mutations or deletions deletions deletions
FIGURE 21.14 Map of the T-DNA from an Agrobacterium Ti cytokinin biosynthesis enzyme. Mutations in these genes
plasmid, showing the effects of T-DNA mutations on crown produce the phenotypes illustrated. (From Morris 1986,
gall tumor morphology. Genes 1 and 2 encode the two courtesy of R. Morris.)
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