I. Organelle Biogenesis


A. All eukaryotes have the same basic organelles, fig. 12-1


B. Organelles provide:

1. Separated compartments with unique biochemical environments, Table 12-1

2. Extra membrane space for biochemical reactions, Table 12-2

C. Functions of organelles



1. Nucleus: contains main genome, DNA and RNA synthesis



2. Cytoplasm: Proteins synthesis and intermediary metabolism

3. Endoplasmic Reticulum (ER): Synthesis of proteins destined for either other organelles or the secretory pathway, lipid synthesis, calcium repository.

4. Golgi:  Packages proteins for secretion, post-translational modification.

5. Mitochondria: Energy generation.

6. Lysosomes:  Intracellular degradation.

7. Endosomes:  Transport of endocytosed materials

8. Perixosomes: Oxidative reactions.

D. Often have characteristic locations within the cell as a result of interactions with the cytoskeleton.

E. Evolution:

1. Original eukaryote resembled bacteria, no organelles.  The plasma membrane provided all membrane surfaces.

2. Evolution of internal membranes linked to evolution of specialized membrane function.

3. Organelles believed to have evolved in by two different routes, via pinching off of plasma membranes and via endocytosis, Fig 12-4.
4. Four families of topologically equivalent intracellular compartments, Fig. 12-5.


a. Nucleus and the cytosol.


b. All organelles of the secretory pathway.


c. Mitochondria.


d. Plastids of chloroplasts.


F. Organelles cannot be generated de novo.


G. Characteristic proteins are sorted to the appropriate organelle.



1. Most proteins based upon nuclear DNA



2. All proteins begin synthesis on free ribosomes.


3. Protein sorting accomplished by three different pathways, Fig. 12-6.




a. Gated transport (nucleus only).




b. Transmembrane transport.




c. Vesicular transport, Fig. 12-7.

4. Sorting requires a signal in the form of either a signal sequence or a signal patch, Fig. 12-8
a. Signal sequences

1. Typically 15-60 residues long.


2. Continuous within the primary sequence.


3. May be cleaved by a signal peptidase.

b. Signal patches


1. Residues found in non-continuous clusters.


2. Dependent upon folded tertiary structure.

c. Signal is specific to destination, Table 12-3.
d. Recognized by specific receptor proteins which function catalytically. 



5. Methods for studying signal sequences (refer to panel 12-1)




a. Transfection




b. Biochemical




c. Genetic

II. The secretory pathway, the endoplasmic reticulum.

A. Overview, Fig 12-35:



1. Common to all eukaryotes.

2. Central role in both protein (rough ER) and lipid biogenesis (smooth ER).

3. Series of presumably interconnected branching tubules and flattened sacs, forming one continuous surface.

4. Accounts for more than half of the total membrane surface.


B. Rough ER



1. Characterized by the presence of associated ribosomes, Fig 12-36.



2. Initial step in secretory pathway, universal to all cell types.



3. Involved in the synthesis of both transmembrane and soluble proteins.

4. In mammalian cells, translocation to the ER is co-translational, GTP dependent process.

5. Polyribosomes, Fig. 12-36B, Fig. 12-37.


C. Smooth ER, Fig.12-38



1. Absence of ribosomes.



2. Rare in most cells.



3. Prominent in cells specializing in lipid metabolism.




a. Steroid hormone synthesis.




b. Hepatocytes.


D. Calcium sequestration.


E. Rough and Smooth ER can be separated by centrifugation, Fig. 12-39.

1. Rough microsomes contain ribosomes and have an interior functionally equivalent to the lumen of the ER. 
2. In most cells, smooth microsomes are a mixture of smooth ER and other membrane sections.

3. Microsomes can be used to experimentally model the ER in vitro.
4. Hepatocytes can be used to study both smooth and rough ER.


F. ER signal sequence.



1. First identified signal sequence.



2. Signal hypothesis, Fig. 12-40.




a. Demonstrated genetically and biochemically.

b. Applies not only to the ER, but to the other organelles and to transport across bacterial membranes.


3. Signal sequence guided to the ER by two components.




a. Signal recognition particle (SRP), Fig. 12-41.




b. SRP receptor, Fig. 12-42.

c. Guided to a transmembrane translocator protein, Sec61 complex, Fig. 12-43.  Ribosome and the pore form a tight complex, Fig. 12-44.



4. The signal peptide is cleaved from most soluble proteins.




a. Requires cleavage signal.


G. Translocation is not necessarily co-translational, Fig. 12-45.



1. Post-translational translocation requires accessory proteins.




a. Bacterial SecA.




b. Eukaryotic chaperone proteins, BIP.
H. The N-terminal ER signal is bifunctional. Directs ribosome to the ER and serves as a start transfer signal, Fig 12-46.

I. Transmembrane proteins require both start transfer and stop transfer signals.


1. Single pass transmembrane proteins, Fig. 12-47, Fig. 12-48.



2. Multi pass transmembrane proteins, Fig. 12-49, Fig. 12-50.
3. Start and stop transfer signals are functionally equivalent and dependent upon location for function.


J. ER Resident Proteins.



1. All contain an ER retention signal.



2. Protein disulfide isomerase



3. BiP

K. Most proteins synthesized in the rough ER are glycosylated via an N-linked oligosaccharide.


1. Preformed precursor oligosaccharide, Fig. 12-51.


2. Linked to the NH2 side chain of asparagines, thus labeled N-linked.
3. Precursor oligosaccharide is linked to dolichol in the ER membrane by a high energy pyrophosphate bond which bonds energy for transfer.

4. The precursor is transferred co-translationally, Fig. 12-52.

5. The precursor is modified post-translationally.

6. O-linked oligosacchrides also exist, formed in the Golgi.

7. The precursor oligosaccharide begins synthesis in the cytosol and flips across the ER membrane and completes synthesis in the ER lumen, Fig. 12-53.

8. Oligosacchrides tag folding state, Fig. 12-54.


a. Calnexin and calretiuclin.


L. Quality control



1. Misfolded proteins under go dislocation, Fig. 12-55.



2. Unfolded protein response, Fig. 12-56.


M. Glycosylphosphatidylinositol (GPI) anchors, 12-57.


N. Most membrane bilayers are synthesized in the ER.



1. Phosphotidylcholine, Fig. 12-58

2. Phosphotidylethanolamine, Phosphotidylserine and Phosphotidylinositol.

3. Phospholipid translocator, scramblase, 12-59.

4. Flippase, ABC transporter.

5. Ceramide and cholesterol synthesis.

6. Phospholipid exchange proteins transport proteins help transfer phospholipids from the ER to the mitochondria and peroxisomes, Fig. 12-60.
