Chapter 5—Cell Structure and Function

Lecture Outline

I.
Basic Types of Cells

A.
Prokaryotic Cells (Fig. 5.1)

1.
Prokaryotic cells have few or no subdivisions delimited by internal membranes.

2.
All the contents of a prokaryotic cell are collectively called the cytoplasm.

3.
Prokaryotic DNA is contained within a chromosome.

4.
Prokaryotic ribosomes are the site of protein synthesis.

5.
Some prokaryotes have flagella that are used to power movement.

B.
Plant and animal cells are eukaryotic. (Fig. 5.2)

1.
Eukaryotic cells are compartmentalized by membrane-bound organelles.

a.
Compartmentalization separates incompatible chemical reactions.

b.
Compartmentalization clusters enzymes and reactants together, thus shortening diffusion distance.

c.
Compartmentalization allows for the maintenance of high concentrations of reactants, thus increasing efficiency inside the cell.

2.
Several organelles are common to all eukaryotic cells.

a.
A cell (plasma) membrane encloses all eukaryotic cells.

b.
All eukaryotic cells have DNA that is packaged into multiple linear chromosomes and housed in a double-membraned nucleus.

c.
The endomembrane system, comprised of the endoplasmic reticulum and the Golgi apparatus, is responsible for biomolecule synthesis and delivery.

d.
Mitochondria are energy-metabolizing organelles found in all eukaryotic cells.

e.
Peroxisomes are organelles that degrade fatty acids and detoxify the resulting hydrogen peroxide.

3.
Plant and animal cells have specialized organelles that are not found in other cell types.

a.
Plant cells have a rigid cell wall made of cellulose that surrounds the plasma membrane and gives structural support to the cell and the plant.

b.
Plant cells have chloroplasts containing all the pigments and enzymes necessary for photosynthesis.

c.
Plant cells have a very large central vacuole that holds water and helps the plant maintain its shape.

d.
Animal cells have lysosomes that degrade and recycle biomolecules.

II.
Basic Cell Functions 

A.
Chemical reactions mediate the life of the cell.

1.
Acquiring resources from the environment

2.
Synthesis of new biomolecules

3.
Disposal of wastes

4.
Reproduction

B.
Storing, retrieving, and utilizing genetic information is crucial to the life of the cell.

1.
Information on how to build proteins is archived in the nucleus in the form of DNA.

2.
When needed, the information is transcribed into mRNA and shuttled from the nucleus to the cytoplasm.

3.
The message is then read and translated by tRNA, and proteins are built on ribosomes.

C.
Intracellular transport shuttles resources around the cell. (Fig. 5.3)

1.
Molecular products such as proteins must be moved throughout the cell to the final destination.

2.
The energy needed for intracellular transport is obtained by hydrolysis of ATP.

III.
The Nucleus

A.
The Structure of the Nucleus 

1.
The nucleus is enclosed by a double membrane called the nuclear envelope. (Fig. 5.4)

a.
The outer nuclear membrane is continuous with the rough endoplasmic reticulum.

b.
The space between the inner and outer membranes is continuous with the lumen of the rough endoplasmic reticulum.

2.
Nuclear pores penetrate the nuclear envelope and connect the cytoplasm to the nucleoplasm. (Fig. 5.4a)

3.
The nucleolus is a structure within the nucleus where ribosomal subunits are assembled.

B.
Transport Into and Out of the Nucleus

1.
Proteins and other molecules needed to make RNA and copy DNA must be able to get into the nucleus from the cytoplasm where they are made.

2.
RNAs and ribosomal subunits made in the nucleus must be transported from the nucleus to the cytoplasm where they will function.

C.
Early Studies of Nuclear Transport

1.
How do molecules move from the cytoplasm to the nucleus?

a.
C. Feldherr injected cells (amoebae) with gold particles and followed their movement by electron microscopy.

b.
Results

(1)
1–2 min. post injection—Some gold particles were located at the nuclear pores. (Fig. 5.5)

(2)
10 min. post injection—Some gold particles were located in the nucleus.

(3)
The concentration of black dots in the nucleus never exceeded that in the cytoplasm.

c.
Conclusions

(1)
Transport does occur through the nuclear pores.

(2)
Transport of gold particles occurred by passive diffusion, because the concentration equilibrated between the cytoplasm and nucleus.

d.
Additional studies using different sizes of gold particles and fluorescently labeled proteins:

(1)
Smaller particles pass into the nucleus more efficiently; size affects transport.

(2)
Proteins with molecular weights of more than 60,000 daltons do not diffuse efficiently through the pores.

2.
Results from Other Researchers

a.
Large proteins can be transported through nuclear pores against a concentration gradient.

b.
Messenger RNAs can be transported out of the nucleus against a concentration gradient.

c.
Conclusion—Movement of large molecules through nuclear pores is an energy-requiring process.

3.
What signals a molecule to move from the cytoplasm into the nucleus?

a.
By radioactively labeling nucleoplasmin, Ronald Laskey showed that moved preferentially into the nucleus. (Fig. 5.6a)

b.
What portion of the molecule targets it to the nucleus?

(1)
Experimental design—Researchers used enzymes called proteases to separate the tail region of nucleoplasm from the head region. They labeled each with a radioactive atom and injected them into different living cells. (Fig. 5.6b)

(2)
Results—They found that only the tail regions were transported into the nucleus. (Fig. 5.6b)

(3)
Conclusions—The tail region contains the nuclear transport “address” tag.

c.
What is the exact signal in the tail portion of nucleoplasm?

(1)
Experimental design—Researchers took small regions of the tail fragment and fused them to larger proteins that are not normally transported in the nucleus. They injected these into cells to see which regions would direct these proteins to the nucleus. (Fig. 5.6c)

(2)
Results—They found a 17-amino-acid stretch of the nucleoplasmin tail region that, if fused to a cytoplasmic protein, would target it to the nucleus.

(3)
Conclusion—This amino acid sequence was deemed the nuclear localization signal.

d.
Additional studies—Other researchers have found similar nuclear localization signals on other nuclear proteins.

IV.
The Endomembrane System (Fig. 5.7)

A.
How does the endomembrane system function to produce and secrete proteins? (Fig. 5.8)

1.
George Palade studied pancreatic cells that secreted a large volume of proteins in order to understand the role of the endomembrane system in the production and processing of secreted proteins.

2.
Hypothesis—The rough ER and Golgi apparatus form an endomembrane system that directs the production and secretion of specific proteins.

3.
Experimental design—Palade used the pulse-chase technique to label newly synthesized proteins and visualize them over time.

a.
He exposed cells to a brief “pulse” of radioactively labeled amino acid (leucine).

b.
Then he gave the cells a large amount of unlabeled amino acid (the “chase”).

c.
After varying amounts of time, he killed the cells and examined under the electron microscope.

4.
Results—Palade demonstrated that all of the newly synthesized secreted proteins were associated with the rough ER.

5.
Conclusions—Further investigations using the pulse-chase technique demonstrated that the proteins pass from the rough ER to the Golgi apparatus to secretory granules and are ultimately secreted outside the cell.

B.
The Signal Hypothesis—How are proteins directed to the endomembrane system? (Fig. 5.9)

1.
Gunter Blobel hypothesized that proteins destined to be secreted had a “signal” contained in the first few amino acids that functioned as an address tag which directs them to the ER.

2.
Cesar Milstein found that when secreted proteins are synthesized in a test tube without ER, they are about 20 amino acids longer than the same protein that is secreted by cells. When the researchers added ER to their test tubes, the synthesized proteins were the same length as the endogenous proteins.

3.
Blobel’s group then identified that the ER had protein receptors on its surface that bind to the signal sequence and create a pore through which the rest of the protein can enter the rough ER.

C.
Other Functions of the ER and Golgi Apparatus

1.
Ribosomes on the rough ER also synthesize proteins destined for the endomembrane system, the plasma membrane and lysosomes.

2.
The rough ER and the Golgi apparatus have enzymes that modify proteins as they pass through those structures. For example, carbohydrate groups are added (glycosylation) in the RER and Golgi.

3.
Lipids are also synthesized in the ER.

D.
How are proteins transported through the endomembrane system?

1.
Palade and colleagues hypothesized that vesicles bud off of the ER, move through the cytoplasm to the nearby Golgi, fuse with the Golgi membrane, and dump their contents inside.

a.
Experimental design—Palade used pulse-chase experiments combined with subcellular fractionation techniques (Box 5.1, Fig. 1) to support his hypothesis.

(1)
After performing a pulse-chase experiment, the researchers homogenized the cultured cells.

(2)
After homogenization, the RER and Golgi would form small membrane-bound vesicles called microsomes.

(3)
RER would form rough microsomes.

(4)
SER and Golgi would form smooth microsomes.

(5)
These vesicles could be isolated from one another based on their densities by multiple cycles of centrifugations at different speeds.

b.
Results—Palade found that 7 minutes after a pulse, the labeled proteins are found in smooth microsomes. This was the same point at which Palade found labeled proteins in small vesicles under the electron micrograph.

c.
Conclusions—Proteins from the ER are packaged into transport vesicles to be sent to the Golgi apparatus. 

d.
Pitfalls—These experiments did not rule out the possibility that the proteins identified by Palade were in the smooth ER instead of transport vesicles.

2.
Vivek Malhorta and Charles Barlowe used cell-free preparations of the RER and Golgi apparatus to conclude that specialized vesicles named COPI and COPII carried material between the rough ER and the Golgi and between cisternae of the Golgi apparatus, respectively.

3.
Barbara Pearse used electron microscopy combined with differential centrifugation to discover that clathrin coated vesicles shuttle materials from Golgi apparatus to the plasma membrane.

4.
But the most recent confirmation has come with Jennifer Lippincott-Scwartz’s use of green fluorescent protein and light microscopy to visualize the movement of a protein through the endomembrane system. These images show that proteins are shuttled through the system in tube-shaped transport elements. (Fig. 5.11 and Fig. 5.12)

E.
How are proteins sorted to final destinations?

1.
Once proteins are manufactured and processed through the ER and Golgi they must be sent to the appropriate location or organelle within the cell.

2.
Studies involving lysosomal enzymes have revealed that these proteins are tagged with specific carbohydrate groups (mannose-6-phosphate) (Fig. 5.10) that act as molecular “zip codes” targeting the proteins to vesicles that are destined for the lysosome. (Fig. 5.12)

V.
The Cytoskeleton

A.
Microfilaments (Fig. 5.13)

1.
Microfilaments are long, fibrous polymers of plate-shaped protein called actin.

2.
Microfilaments form a matrix that helps define the cell’s shape.

3.
Actin filaments are also involved in several types of cell movement, including cytokinesis that follows mitosis.

B.
Intermediate Filaments (Fig. 5.13)

1.
Intermediate filaments can be composed of any one of six different proteins.

2.
Intermediate filaments from a dense network on the inside of the nuclear envelope that maintains the shape of the nucleus.

3.
Intermediate filaments also form a flexible skeleton between the nucleus and the rest of the cell that helps the nucleus stay in place.

C.
Microtubules (Fig. 5.13)

1.
Microtubules are composed of tubulin dimers and are the largest cytoskeletal components.

2.
How do microtubules move organelles throughout the cell? (Fig. 5.15)

a.
Ronald Vale and colleagues studied how vesicles move throughout the cell by using the extruded cytoplasm of a squid giant axon.

(1)
They found that vesicle transport occurred along a filamentous track in the cytoplasm, and that vesicle transport requires the presence of ATP.

(2)
They found that vesicle transport was abnormal when microtubule-disrupting drugs were added to the preparation.

(3)
Vale concluded that vesicle transport was occurring along microtubules and required the energy from the hydrolysis of ATP.

b.
Vale went on to identify the means by which a vesicle moves along a microtubule.

(1)
Kinesin is a motor protein that contains three major regions—a head region with two globular pieces, a tail, and a stalk that connects the head to the tail. 

(2)
The globular pieces on the head contain microtubule binding sites as well as ATP binding sites, while the tail region can bind the vesicle. (Fig. 5.16a)

(3)
When the globular pieces bind and release ATP, they undergo a conformational change.

(4)
The two globular head regions alternate between binding ATP and binding to the microtubule. 

(5)
This alternation results in the two globular head pieces actually acting as “feet” as they “walk” down the microtubule. (Fig. 5.16b)

3.
Microtubules are involved in whole cell movement—Cilia and flagella (Fig. 5.17a)

a.
Cilia and flagella have 9 pairs of microtubules that surround two individual microtubules. This “9+2” structure is called an axoneme. (Fig. 5.17b)

b.
Using electron microscopy, Ian Gibbons found that the nine microtubule pairs are connected by motor proteins called dynein, and the center microtubules are connected to the 9 doublets by protein spokes. (Fig. 5.17c)

c.
Dynein hydrolyzes ATP and changes shape, thus “walking” along in a manner similar to that of kinesin. (Fig. 5.18)

d.
This “walking” causes the microtubules within the cilia or flagella to slide past each other.

e.
However, this sliding is limited because the whole structure is anchored to the center microtubules by the protein spokes.

f.
This constrained movement results in the bending of the cilia or flagella, thus creating movement.

