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Flagella (singular, flagellum) are

threadlike structures (protein fibers) protruding
from thc surface of a cell that arc used in
locomotion. There may be one or more per cell,

or none, depending on the species.
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* Bacteria can swim at speeds of up to 70 cell
lengths per second by rotating their flagella

like screws.
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The rotary motor proteins are anchored in the
plasma membrane and uses the energy stored in
a gradient (Proton-Motive Force) that transfers
protons across the plasma membrane to power
the movement of the flagellum (the movement
of protons through channels across the
membrane i1s coupled to the rotation of
flagellum).
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This coupling of an electrochemical gradient to
mechanical  rotational work 1s  another

fascinating feature of the bacterial motor.
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A Panoramic View of the Eukaryotic Cell
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Eukaryotic cclls are far more complex than prokaryotic cells. Slall Gl DI oo | ATl it LA
The hallmark of the cukaryotic cell is compartmentalization and the presence ot  extensive
endomembrane system through the cell interior and numerous membrane-bounded organelles

that form compartments within which multiple biochemical processes can proceed simultaneously
and independently.
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Plant cells often have a large, membrane-bounded sac called a central vacuole, which stores
proteins, pigments, and waste materials.

Inside the nucleus, the DNA is coiled tightly around proteins and packaged into compact units
called chromosomes.
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»  All eukaryotic cells are supported by an internal protein scaffold, the cytoskeleton.
*  The nucleus is the largest and most easily seen organelle within a eukaryotic cell.

* Nucleus is roughly spherical in shape, and in animal cells, it is typically located in the central
region of the cell, in some cells, a network of fine cytoplasmic filaments seems to support the
nucleus in this position.
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The nucleus contalns the genetic mformatlon"that enables the synthesis of nearly all proteins of a
living cukaryotic cell. L

Most eukaryotic cells possess a single nucleus, although the cells of fungi and some other groups
may have from several to many nuclei. Mammalian erythrocytes (red blood cells) lose their nuclei
when thev mature.
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Many nuclei exhibit a dark-staining zone called the nucleolus, which is a region where intensive
synthesis of ribosomal RNA is taking place. __
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The nuclear envelope and nuclear pores
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* The nuclear envelope 1s a #wo phospholipid bilayer
membranes, the outer membrane i1s continuous with the the

endoplasmic reticulum.
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Nuclear pores are structures scattered over the surface of the
nuclear envelope and 50 to 80 nm apart at locations where the

two membrane layers of the nuclear envelope come together.
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* The structure of the Nuclear pores consists of a central
framework with eightfold symmetry that is embedded in the
nuclear envelope.

* This framework 1s bounded by a cytoplasmic face with
eight fibers, and a nuclear face with a complex ring that
forms a nuclear basket beneath the central ring.

* Nuclear basket coordinates the function of several
multiprotein complexes involved in chromatin regulation,
transcription regulation, proofreading and mRNA export

* The Nuclear pore allows ions and small molecules to diffuse
freely between nucleoplasm and cytoplasm, while controlling . /? Z0 f\ ~ _f
the passage of proteins, RNA and RNA—protein complexes .

e The inner surface of the nuclear envelope is covered with a w Z)\_’,,}\

network of fibers that make up the nuclear lamina that T \
composed of intermediate filament fibers called)nuclear

lamins.
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Chromatln DNA packaglng
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In eukaryotes, the DNA is divided into multiple linear chromosomes, which are organized with
proteins into a complex structure called chromatin.

* The very structure of chromatin affects the function of DNA. Changes in gene expression that
do not involve changes in DNA sequence, so-called epigenetic changes, involve alterations in
chromatin structure.

¢ Chromatin is usually in a more extended form that is organized in the nucleus.

*  When cells divide, the chromatin must be further compacted into a more highly condensed
state that forms the chromosomes visible in the light microscope.
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2 Sppfce 320
* interphase chromosomes presents as Heterochromatin or Euchromatin.
* Heterochromatin (less diffuse structure)
— Tightly compacted regions of chromosomes, Transcriptionally inactive
*  Euchromatin (more diffuse structure), Less condensed regions of chromosomes
— Transcriptionally active

elomere | D j " ) Telomere

B

Euchromatin (30 nm fiber Heterochromatin (greater
anchored in radial loops) compaction of the radial loops)




EPIGENETIC MECHANISMS

are affected by these factors and processes:
* Development (in utero, childhood)

* Environmental chemicals
* Drugs/Pharmaceuticals
* Aging
Diet

4

CHROMATIN

HEALTH ENDPOINTS
* Cancer

* Autoimmune disease

* Mental disorders

* Diabetes

EPIGENETIC

‘ FACTOR

' DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes.

HISTONE TAIL

HISTONE TAIL

DNA accessible, gene active

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

HISTONE

DNA inaccessible, gene inactive

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.
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DNA double helix
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“ Atthe simplest level, chromatin

is a double-stranded helical

structure of DNA. : : ’ 1 .
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DNA is complexed with histones
Nucleosome core of
’ eight histone molecules g A chromatosome consists
of a nucleosome plus the

to form nucleosomes.
H1 histone
H1 histone.

g Chromatosome

. that forms loops averaging
300 nm in length.
300 nm
c ~ The nucleosomes
' —\ e’ ] fold up to produce
a 30-nm fiber...

30 nm

250-nm-wide fiber
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g Tight coiling of the 250-nm
fiber produces the chromatid

of a chromosome.
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" The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber.
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The nucleolus: Ribosomal subunit manufhcturing

* Hundreds of copies of the genes encoding the ribosomal RNAs are clustered together
on the chromosome, facilitating ribosome construction by producing RNA molecules
from transcribing the cluster. The clusters of ribosomal RNA genes, the RNAs they
produce, and the ribosomal proteins all come together within the nucleus during
ribosome production.

Silo geu gy dae W81 Ofaa ¢df sl 1d gl

Slisin L] ook o p g3l £ s Lo capmusas, S sl Lo srapuuss f1 Gl Gsill anl]$,0800 Slsall (o asill 5l gn
aseasan ) 7 B] o 3181501 JA s Lo Taapug | il Lt @bl RNA Jls clegandl s in ganiiy Auall degandl sda g e RNA

* These ribosomal assembly areas are easily visible within the nucleus as one or more
darkstaining regions called nucleoli (singular, nucleolus). Nucleoli can be seen under
the light microscope even when the chromosomes are uncoiled.

* Ribosome is complex molecular assembly and composed of two subunits (large and
small) each of which is composed of a combination of rRNA and proteins.
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* The large and small subunits join to form a functional ribosome only when they are
actively synthesizing proteins.

* Ribosomes are found either free in the cytoplasm or associated (bound) with internal
membranes__(Endoplasmic reticulum). Both free and bounded ribosomes and
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* Free ribosomes synthesize proteins that are found in the cytoplasm nuclear proteins,
mitochondrial proteins, and proteins found in other organelles not derived from the-.
endomembrane system.
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* Bound ribosomes synthesize membrane proteins, proteins found in the endomembrane
system, and proteins destined for export from the cell.
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Ribosomal Structure

Ribosomes can be thought of as “universal organelles” because they are
found in all cell types from all three domains of life.

Life 1s protein-based, and ribosomes are the factories that make proteins.
Ribosome consists of two subunits, one large and one small.

The subunits and rRNA components are most easily isolated and

characterized on the basis of their sedimentation behavior in sucrose
gradients, which is a measure of their rate of migration when centrifuged

: \3‘
abbreviated S for Svedberg coefficient, which reflects their density, mass, cany }\y V
and shape.
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Sedimentation coefficients, which reflect differences in the rate of migration b Ny
of different-sized particles and molecules, are not additive. k &

For example, the prokaryotic 70S monosome consists of a 50S and a 30S \

: P
subunit :: “p

The eukaryotic 80S monosome consists of a 60S and a 40S subunit. a - S
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Prokaryotic and Eukaryotic Ribosomes
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