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The endomembrane system, part 2.

(transport of molecules in and out of the nucleus)

1.
The nuclear envelope is formed from two concentric membranes that are continuous with the ER.   The inner nuclear membrane has proteins that bind to the nuclear lamina that supports it.  The outer nuclear membrane, like RER, is covered in ribosomes engaged in protein synthesis.  These proteins enter the space between the inner and outer membranes, which is continuous with the ER lumen.

2.
There is a lot of traffic in and out of the nucleus.  For example many of the proteins that function in the nucleus, such as histones, polymerases, gene regulation proteins, etc, are made in the cytosol and imported into the nucleus.  Ribosomal proteins are made in the cytosol, imported into the nucleus where they assemble with ribosomal RNA, and then the whole unit exported back out into the cytosol - each of these steps requires selective transport across the nuclear membrane.

3.
The nuclear pore complex allows the diffusion of small molecules - up to 5,000 Daltons, but larger molecules must go through selective procedures to pass through the pore.  This is where the nuclear localisation signals come into play.  These signals were first identified in the large viral protein called T-antigen (see Figure 12-13).  By substituting one of the amino acids in the sequence, the experimental scientists were able to prevent the protein from entering the nucleus of its host cell.  See also Figure 12-14.

4.
A single pore can allow traffic in both directions, and can thus recognise both signals for proteins destined for the nucleus, and signals of proteins destined for the cytosol.  Proteins are believed to pass through the pore in their fully folded conformation, unlike those that pass through membranes, which must unfold.

5.
Some proteins that are destined for the nucleus can be excluded until needed by inactivation of the signal by phosphorylation.  Such proteins would be gene regulatory proteins for example.  Other known inhibitory molecules that bind to the recognition site are known, for example the chaperone protein hsp90 (Figure 12-19).

6.
The nuclear membrane disassembles during cell division.  The nuclear lamina depolymerises (phosphorylation is involved) and the nuclear pores disassemble.  The nuclear membrane breaks up into small membrane vesicles and is dispersed throughout the cytosol.  After division, re-assembly occurs when the nuclear lamins are de-phosphorylated and the nuclear vesicles initially fuse to form a very tightly-bound membrane around the chromosomes.  In so doing, the nucleus is able to exclude all molecules except those that are bound tightly to the chromosomes.  Thus, large non-nuclear proteins are kept out of the nucleus.

The endomembrane system, part 3.

(The endoplasmic reticulum)       Reading:  Chapter 12

1.
The ER is a netlike labyrinth of branching tubules and flattened sacs extending through the cytosol.  The ER membrane forms a continuous sheet enclosing a single space, called the lumen or cisternal space.

2.
The ER membrane mediates the selective transfer of molecules between the cytosol and the ER lumen.

3.
The ER play a central role in the biosynthesis of lipid and proteins, and its membrane is the site of production of all transmembrane proteins and lipids for most of the cell's organelles, including the ER itself, of course.  The ER makes a major contribution to the membrane of mitochondria and peroxisomes by producing most of their lipids.  Almost all of the proteins that will be excreted to the cell exterior come through the ER lumen, as well as those destined for the Golgi and lysosomes.

4.
There are two kinds of ER recognised by their morphology under the electron microscope: rough (RER) which has attached ribosomes, and smooth (SER) which doesn't.

5.
The ER captures selected proteins from the cytosol as they are produced.  These proteins are of two types: those that only partly go across the membrane (and remain as trans-membrane proteins) and those (water-soluble proteins) that are fully translocated across the membrane and released into the ER lumen.  Some of the trans-membrane proteins will, of course, remain in the ER, but many are destined for other organelles.  The water-soluble proteins either remain in the ER lumen or are translocated to the lumen of other organelles, or they are secreted.

6.
Import of proteins into the ER occurs as the protein is being made (ie co-translationally) which is different to that in mitochondria, chloroplasts, nuclei and peroxisomes, which is post-translational and requires different signal peptides.

7.
The free ribosomes in the cytosol are identical to those attached to the RER.  When a ribosome is making a protein with a signal peptide, the ribosome is directed to the ER surface.  Many cytosolic ribosomes can bind to a single mRNA molecule, so that polysomes are formed.

8.
SER tends to form tubules rather than sheets.  In most cells SER is a small fraction and in the transition region between RER and SER transport vesicles bud off for transport to the Golgi apparatus.  However, some cells have SER in abundance, such as those cells that specialise in lipid metabolism such as conversion of cholesterol to steroid hormones.  A well known example is the hepatocyte, in which SER is involved in the de-toxification of harmful compounds.

9.
As you already know, signal peptides identify which proteins go where in the cell.  In the original signal peptide hypothesis for ER, the protein is extruded into the lumen during its synthesis.  When the signal peptide emerges from the ribosome, it directs the ribosome to a receptor protein on the ER membrane.  As it is synthesized, the polypeptide is thought to translocate across the membrane through a protein pore associated with the receptor.  The signal peptide is removed from the protein by signal peptidase and the completed protein released into the ER lumen.

10.
Though this hypothesis still basically stands, there are now some extra details known.  The most important is that a signal-recognition particle (SRP) directs the signal peptides to a specific receptor in the RER membrane.  After the signal peptide and a little bit more of the protein is made, the SRP binds to the signal peptide causing a pause in translation of the mRNA.  The SRP receptor in the ER membrane binds the whole complex to the ribosome receptor, and then releases the SRP so that translation can continue, through the protein translocator.  The SRP itself is very complex and includes a length of RNA which probably operates the pause in translation.

11.
The cleavage of the signal peptide relies on a recognition site next to the signal peptide.  Those that do not have this recognition site stay attached to the ER membrane and can act as anchors for trans-membrane proteins.  Cleaved signal peptides are rapidly degraded.

12.
In single-pass trans-membrane proteins, another section of the polypeptide (which is hydrophobic) acts as a stop 'codon'.  In this hypothesis, it is assumed that the protein translocator in the membrane has two kinds of binding sites, one for starting and one for stopping.  As the protein is translated and passes through the membrane, when a stop peptide is reached, the protein does not continue through the membrane but is completed in the cytosol.  After translation the signal peptide (which acted as the 'start' peptide) is cleaved.

13.
Where the start peptide is internal (ie not at the end of the protein) it is possible to have a single-pass trans-membrane protein without a stop codon, because the amino end of the protein remains either in the cytosol or in the ER lumen.

14.
Double-pass trans-membrane proteins therefore, could be formed by the combination of an internal start peptide and an internal stop peptide.  Multi-pass trans-membrane proteins therefore could be formed by alternation of start and stop peptides along the protein.

15.
Once in the lumen, the proteins fold and assemble.  Those proteins destined to remain in the lumen contain an ER retention signal of four amino acids at their carboxyl terminus (I will talk more about ER retained proteins when I discuss transport to the Golgi).

16.
Most proteins in the RER are glycosylated by the addition of a ubiquitous N-linked oligosaccharide (ie attached to the side-chain NH2 group of an asparagine).  They thus become glycoproteins.  It seems that in the ER there is a pre-formed oligosaccharide that is transferred as a single unit to proteins entering the lumen, and this basic framework is then modified afterwards, rather than sugars being assembled differently for different proteins.

17.
Most membrane lipid bilayers are assembled in the ER, including both phospholipids and cholesterol.  The major phospholipid is phosphatidylcholine which is formed in three steps.  Each step is catalyzed by enzymes in the ER membrane with active sites facing the cytosol (where all the metabolites are).  The other phospholipids are synthesized in a similar way.  For the phospholipid molecule to 'flip-flop', there are phospholipid translocators.  There is a particular 'flippase' that translocates phosphatidylcholine but not the others, so the lumen side of the membrane has a high concentration of this phospholipid.

18.
Glycolipids and sphingomyelin are formed relatively late in the process of membrane synthesis, by enzymes in the lumen of the Golgi.  Thus, they are found exclusively in the non-cytosolic half of the membrane bilayer.

