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FIGURE 1.24 e Viruses are genetic elements enclosed in a protein coat. Viruses are not
free-living and can only reproduce within cells. Viruses show an almost absolute specificity
for their particular host cells, infecting and multiplying only within those cells. Viruses are
known for virtually every kind of cell. Shown here are examples of (a) a bacterial virus,
bacteriophage Ty; (b) an animal virus, adenovirus (inset at greater magnification); and
(c) a plant virus, tobacco mosaic virus. (a, M. Wurtz/Biozeentrum/University of Basel/SPL/Photo

Researchers, Inc.: b, Dr: Thomas Broker/Phototake, NYC; inset, CNRI/SPL/Photo Researchers, Inc.; ¢, Biology
Media/Photo Researchers, Inc.)
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FIGURE 1.22 # This figure diagrams a rat liver cell, a typical higher animal cell in which
the charactenstic featuzes of animal cells are evident, such as a nucleus, nucleolus, mito-
chondria, Golgi bodies, lysosomes, and endoplasmic reticulum (ER), Microtubules and the
nemvork of filaments constituting the cytoskeleton are also depicted. (ghoi 1, Dhight .
K/ Visuals Unbmttad; sidle, D W Faseek Visuals Uniimited; Sodiors, Knth Porter; Piodo Besearchers, Jac.)




Major Features of a Typical Animal Cell

Structure

Molecular Composition

Function

Extracellular matrix

Cell membrane
(plasma membrane)

Nucleus

Mitochondria

Golgi apparatus

Endoplasmic reticulum
(ER) and ribosomes

Lysosomes

Peroxisomes

Cytoskeleton

The surfaces of animal cells are covered with
a flexible and sticky layer of complex
carbohydrates, proteins, and lipids.

Roughly 50:50 lipid: protein as a 5-nm-thick
continuous sheet of lipid bilayer in which a
variety of proteins are embedded.

The nucleus is separated from the cyvtosol by
a double membrane, the nuclear envelope,
The DNA is complexed with basic proteins
(histones) to form chromatin fibers, the
material from which chromosomes are
made. A distinct RNA-rich region. the
nucleolus, is the site of ribosome assembly.

Mitochondria are organelles surrounded by
two membranes that differ markedly in their
protein and lipid composition. The inner
membrane and its interior volume, the
matrix, contain many important enzymes of
energy metabolism. Mitochondria are about
the size of bacterta, =1 pm. Cells contain
hundreds of mitochondria, which collectively
occupy about onefifth of the cell volume.

A system of flattened membrane-bounded
vesicles often stacked into a complex.
Numerous small vesicles are found
peripheral to the Golgi and contain
secretory material packaged by the Golgi.

Flattened sacs, tubes, and sheets of internal
membrane extending throughout the
cvtoplasm of the cell and enclosing a large
interconnecting series of volumes called
cisternae. The ER membrane is continuous
with the outer membrane of the nuclear
envelope. Portions of the sheetlike areas of
the ER are studded with ribosomes, giving
rise to rough ER. Eukarvotic ribosomes are
larger thau prokarvotic rihosomes.

Lysasomes are vesicles 0.2-0.5 ym in diameter,
bounded by a single membrane. They contain
hydrolytic enzymes such as proteases and
nucleases which, if set free, could degrade
essential cell constituents. They are
formed by budding from the Golgi
apparatus.

Like Iysosomes, peroxisomes are 0.2-0.5 pm
single-membrane—bounded vesicles. Thev
contain a variety of oxidative enzymes that
use molecular oxygen and generate peroxides.
They are formed by budding from the smooth
ER

The cytoskeleton is composed of 2 network
of protein filaments: actin filaments
(or microfilaments), 7 nm in diameter;
intermediate filaments, 8-10 nm; and
microtubules, 25 nm. These filaments interact
in establishing the structure and functions
of the cytoskeleton. This interacting network
of protein filaments gives structure and
organization to the cytoplasm.

This complex coating is celbspecific, serves in
cell - cell recognition and communication,
creates cell adhesion, and provides a
protective outer layer.

The plasma membrane is a selectvely
permeable outer boundary of the cell,
containing specific sy pumps, ch Is,
transporters—for the exchange of nutrients
and other materials with the environment.
Important enzymes are also located here.

The nucleus is the repository of genetic
information encoded in DNA and organized
into chromosomes. Duning mitoss, the
chromosomes are replicated and transmitted
to the daughter cells The genetic information
of DNA is transcribed into RNA in the
nucleus and passes into the cytosol where
it is translated into protein by ribosomes.

Mitochondria are the power plants of
eukaryotic cells where carbohydrates,
fats, and amino acids are oxidized to
€O, and HyO. The energy released
is trapped as high-energy phosphate
bonds in ATP.

luvolved in the packaging and processing of
macromolecules for secretion and for
delivery w other cellular compartments.

The endoplasmic reticulum is a labvrinthine
organelle where both membrane proteins
and lipids are synthesized. Proteins made
by the ribosomes of the rough ER pass
through the outer ER membrane into the
cisternae and can be transported via the
Golgi to the periphery of the cell. Other
ribosomes unassociated with the ER carry
on protem synthesis in the cytosol

Lysosomes function in intracellular digestion
of materials entering the cell via
phagocytosis or pinocytosis. They also
function in the controlled degradation
of cellular components.

Peroxisomes act to oxidize certain nutrients,
such as amine acids. In doing so, thev form
potentially toxic hvdrogen peroxide, HyOs,
and then decompose it to HyO and Os by
way of the peroxide-cleaving enzvme
catalase.

The cytoskeleton determines the shape of the
cell and gives it its ability to move.

It also mediates the internal movements

that occur in the cytoplasm, such as the
migration of organelles and mitotic
movements of chromosomes. The propulsion
mstruments of cells—cilia and flagella—are
constructed of microtubules.




Golgi body (plant and animal
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FIGURE 1.23 # This figure diagrams a cell in the leaf of a higher plant. The cell wall,
membrane, nucleus, chlomplms, mitochondria, vacuole, ER, and other characteristic fea
tures are shown. (phes, 4, middl, Dr Deunis Kxnke/Flniotaby, NYC; bostom, Biopholy Asocist




Major Features of a Higher Plant Cell: A Photosynthetic Leaf Cell

Structure

Molecnlar Composition

Function

Cell wall

Cel)l membrane

Nucleus

Chloroplasts

Mitochondria

Vacuole

Golgi apparatus, endophwimic
reticulum, nbaosomes,
lysosomes, peroxisomes, and
cytoskeleton

Cellulose fibers embedded in a
polysiccharide / protein. matrix: it is
thick (>0.1 gm), rigid, and porous
to small molecules,

Plant cell membranes are similar in
overall structure and organizaton to
animal cell membranes bur differ
in lipid and protein composition,

The nucleus, nucleolus, and nuclear
envelope of plant cells are like
those of animal cells.

Plant cells contain a unique family
of organelles, the plastids, of which
the chloroplast is the prominent
example. Chloroplasts have a double
membrane envelope, an inner
volume called the stroma, and an
internal membrane system rich in
thylakoid membranes, which enclose
a third compartment, the thylakoid
lumen. Chloroplasts are significantly

larger than mutochondria, Other plastids

are found in specialized structures
stich as fruits, flower perals, and roots
and have specialized roles.

Plant cell mitochondria resemble the
mitochondria of other eukarvotes
in form and function.

The vacuole is usually the most
obvious comparunent in plant cells,
It is a very large vesicle enclosed
by a single membrane called the
tonoplast. Vacuoles tend 1o be
smaller in voung cells, but in mature
cells, they may occupy more than
35 of the cell's volume, Vacuoles
occupy the center of the cell, with
the cytoplasm being located
peripherally around it. They resemble
the lysosomes of animal cells.

Plant cells also contain all of these
characteristic eukaryouc organelles,
essentially in the form described for
animal cells.

Protection against osmotic or mechanical
rupture, The walls of neighboring cells
interact in cementing the cells together
to form the plant. Channels for fluid
circulation and for cell—cell
communication pass through the walls,
The structural material confers form
and strength on plant tssue.

The plasma membrane of plant cells is
selectively permeable, containing transport
systems for the uptake of essential
nutrients and inorganic ions. A number
of important enzymes are localized here,

Chromosomal organization, DNA replication,
transcription, ribosome synthesis, and
mitosis in plant cells are grossly similar to
the analogous features in animals,

Chloroplasts are the site of photosynthesis,
the reactions by which light energy is
converted to metabolically usetul chemical
energy in the form of ATP, These reactions
oceur on the thylakoid membranes, The
formation of carbohvdrate from €O, akes
place in the stroma. Oxvgen is evolved
during photesynthesis. Chle sts are
the primary source of energy in the light.

Plant mitochondria are the main source of
energy generation in photosynthetic
cells in the dark and in nonphotosynthetic
cells under wll conditions.

Vacuoles function in transport and storage
of nutrients and cellular waste products.
By accumulating water, the vacuole
allows the plant cell 10 grow dramatically
in size with no increase in
ovioplasmic volume.

These organelles serve the same purposes
in plant cells that they do in animal
cells.




— A. Comparison of prokaryotes and eukaryotes
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— B, Structure of an animal cell
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— A. Components of a bacterial cell

Proteins

RNA (8%) DNA (1%)
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— B. View into a bacterial cell
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— A. Nucleus
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— C. Interactions between nucleus and cytoplasm
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— A. Mitochondrial structure
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— A. Permeability of membranes —
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— C. Transport processes
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— A. Transport mechanisms
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— A. Rough endoplasmic reticulum and Golgi apparatus

Morphological

structures Nucleus

cocobor
1717

1. rER

2. Transport
vesicle

3. Golgi complex

4. lysosome

5. Secretory
vesicle

Biochemical
processes

1. Transport

2. Protein synthesis
and folding
Signal peptide
cleavage
Formation of
disulfide bonds
Oligomerization
N-Glycosylation
folding

cis:
Phosphorylation
medlal
ar cleavage

dltlon of G cNAc
Addltlon of
Gal and NeuAc
trans-Golgi network:
Sorting

4. Hydrolysis of
macromolecules

Membrane
protein

6. Cytoplasmic/7\
membrane

5. Proteolysis
6. Exocytosis

— B. Smooth endoplasmic reticulum

Steroid
Phospholipids Cholesterol hormones
| < =" < —
=1 =1 — 2
00 2000,
Qutside .
[oXe) Calcium store O
O @)
QO: 0© O .
Plasma | —— I
membrane —
it Xeno- Metabolites
® biotics
®
® et @ ® e systems
© © D ZKmhpld metabolism







