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EXPLANATORY NOTES

Slide no. 15 of the presentation contains two short movies of GFP tagged APP traveling live in neurons. Depending on your computer’s setup, viewing them may require QuickTime. You can download QuickTime for free from: http://www.apple.com/quicktime/
Slides 3 and 4: APP basics

1) General features: 

677 – 770 amino acids: type 1 transmembrane protein. Signal sequence of the acidic type, 18 exons, Zn+, Ca2+ binding sites. Function not known.

2) Domain Functions:

Extracellular domains include receptor binding, cation binding, protease inhibitor, glycosylation (CHO). Intracellular domains play a role in endocytosis, cytoplasmic signaling and intracellular signaling. 

Slide 3 by permission of Virtual Text/www.ergito.com.

Questions/Comments
Little is known about the cellular function of APP and the knock out of this gene results in little or no phenotype. By all what we know APP is a typical housekeeping gene, expressed in abundance by almost all cells. It is present in high amounts in such diverse cells as platelets and neurons. As a general rule and very rough estimate most predicted APP functions fall under categories that would fit to cell-cell and cell-matrix interactions. However, the majority of the different functions clearly assigned to different APP domains suggest that APP is involved in a number of somewhat diverse cellular processes.

The function of OX2 is unknown. In vivo L-APP is in mitosis capable cells the predominant APP isoform but almost completely absent in post mitotic cells such as neurons and heart muscle cells.

Slides 5 and 6:  Alternative splicing of APP 

1) Exons #7 (KPZ), #8 (OX2) and #15 (L-APP) can be alternatively spliced to yield 8 different mRNA   isoforms.

2) Neuronal APP always contains exon #15 and predominantly lacks exons #7 and #8.

3) The absence of exon #15 activates a glycose aminoglycan attachment site. Sequences shown on the bottom right.   

4) Slide shows plasmid standards of the mRNA isoforms and their distribution in heart and muscle.

Slide 6: Adapted from Sandbrink et al. JBC 1994. vol 269 p 1510-1517.  By permission of the American Society for Biochemistry and Molecular Biology.

Questions/Comments:

Is the tangled structure near TENEGSGL the actual structure of the GAG attachment site? ENEGSG are the aminoacids harboring the motif, T and L are outside of it.

Do the mRNA isoforms 695/6 and 751/2 each correspond to two mRNA isoforms? Yes

	
	KPI
	OX2
	Ex15
	

	770
	+
	+
	+
	

	751
	+
	-
	+
	

	695
	-
	-
	+
	

	677
	-
	-
	-
	


Does exon #15 have an additional function to blocking the GAG binding site? Unknown.

Slide 7:  The APP gene family

The slide shows the three members of the APP gene family and the distribution of alternatively spliced mRNA of these genes in neuronal and non-neuronal tissues.  The slide also indicates the domain near exon 15, which contains the N-terminal part of A( and is the most divergent between APP and other members of the family.

Adapted from Sandbrink 1995.

Questions/Comments:

What is the exact definition of the common denominator of the APP gene family? It is the overall aminoacid homology. Unless further potential “homologues” are identified no further definition is necessary.

Slides 8 – 17:  APP sorting 

Slide 8: The gut is an example of polarized sorting, in which nutrients enter the cells via transporters which are situated on the apical membrane and which, following their build-up in the cells, exit through transporters on the basal surface.

Slide 8 by permission of Virtual Text/www.ergito.com.

Questions/Comments:
The first slide just gives an example to show the histology and the 3 dimensional setting. The idea of polarized transport is often to transport against the gradient (e.g. high salt and waste material concentration in urine, retrieval of water)

Slides 9 and 10: Polarized sorting of APP in non-neuronal cells

Exon 15 is needed for basolateral/apical sorting. When exon 15 is spliced out, the APPsec is sorted (secreted!) in both directions. Point mutations (not shown) revealed that GAG is not involved in this process (see slide 5). 

The QYTSI cytoplasmic sequence is a classical basolateral motif and is common to other proteins so sorted.

The above is related to apical/basolateral sorting of APP in non-neuronal cells.
Questions/Comments:
What is the role of the cytoplasmic domain (other than QYTSI) in sorting? This will be addressed by the binding protein chapter.

How general are the results with the kidney MDCK cells with regard to other non neuronal cells? MDCK are standard model cells for this purpose. However, differences exist from cell type to cell type.

Will exon 15 and QYTSI Construct still go only to the basolateral side? All proteins containing QYTSI will be sorted to the basolateral surface, if they contain exon 15 they will be secreted to >90% to the basolateral side, if APP is without exon 15 (L-APP) it will be secreted to both sides equally.

Slides 11 – 17: Neuronal sorting of APP

Slide 11: Introduction of the concept that A( is essential for sorting of APP to axons.

What is APPfl and how does it differ from APP sec? APPfl is full-length APP, not cleaved. APPsec is secreted, that is cleaved APP. APPsec is found inside and outside of the cell.

Slide 12: The sorting of APP in neurons.

Slide 13: The general categories of protein sorting in neurons.  

Slide 14: Experiments showing the essentiality of the A( sequence for the axonal sorting of A(.  

Slides 12, 13, and 14:  Adapted from Tienari 1997, used with permission.
Slide 15: Summary of sorting of APP in neurons.  

From:  Kaether C, Skehel P, Dotti CG. Mol Biol Cell. 2000 Apr; 11(4): 1213-24.

Thi slide contains This slide contains two short movies of GFP tagged APP traveling live in neurons. Depending on your computer’s setup, viewing them may require QuickTime. You can download QuickTime for free from http://www.apple.com/quicktime/
Slides 16 – 17: Summary of neuronal and non-neuronal sorting of APP and other membrane proteins.

Slide 17:  Adapted from Tienari 1997, used with permission.
Questions/Comments:
Experimental explanations of the experiments shown in slides 12 and 14: Deletion scanning of the APP molecule revealed that deletion of the luminal part of the Aß domain abolishes axonal sorting. This domain is proximal to the alternatively spliced exon 15 that is important in non-neuronal APP sorting (but neurons do not alternatively splice exon 15).
QYTS1, and the other element of the cytoplasmic tail, are needed as positive signals for sorting to the basolateral membrane and without even one of them, is the sorting to both sides? Yes, in MDCK cells. But one has to realize that this accounts for APPfl, but not for APPsec (which is sorted in dependence of exon 15, irrespective of QYTSI)

Are APPs( and SPC111 sorted somatodendritically because they lack the axonal mutant A(, or also for other “positive” reasons (e.g. the cytoplasmic tail indicated in Figure 16?) APPsec, possibly yes. C111 contains the Aß domain but only imperfectly recovers the axonal sorting, thus an additional N-terminal domain is required for full recover of axonal sorting. 

From Slide 17 and the data of the non L-APP proteins, it seems that axonal sorting in neurons corresponds to apical sorting in epithelial cells and that neuronal somatodendritic sorting corresponds to basolateral sorting in epithelial cells. Any idea why APP has the opposite distribution and what is the significance of this fact. This is a fascinating observation and tells us that APP sorting differs from the usual polarized sorting model proteins. It also tells us that there must be independent sorting mechanisms in neurons and MDCK. Obviously, APP is the only molecule of this list expressed naturally in high amounts in MDCK and neuronal cells; possibly explaining in part why these independent mechanisms can be found with APP but not with proteins never designed to be sorted e.g. in a neuron.

This may warn students that biology is often more complex than what they find in textbooks. It should also help to understand when it makes and when it not makes sense to do experiments with “model” proteins.

VSV-G is a vesicular stomatitis virus protein. HA is another viral protein. Thy-1 is found in neurons.

Slides 18 – 19: APP processing - General
Slide 19: An overview of small A(-related degradation products of A(.

Slide 20-21: (-Secrtase

Slide 20: The non-amyloidogenic cleavage of APP.

Slide 21: TACE is expressed in human CNS neurons  

From: Skovronsky DM, Fath S, Lee VM, Milla ME.  J Neurobiol. 2001 Oct;49(1):40-6, fig.3.  John Wiley & Sons.

Questions/Comments:

Is TACE also expressed in non-neuronal cells?
Yes

Slide 22-29: (-Secretase

Slide 22: Amyloidogenic and non-amyloidogenic cleavage of A( - the large soluble products

Slide 23:  Amyloidogenic and non-amyloidogenic cleavage of A( - The membrane-bound and cytoplasmic tail products

Slide 24: BACE cleaves at two positions: position (, which results in the liberation of the N terminal of A( and at position +11. Continue from here with the existing text.

Question:

What does BACE stand for? Beta-site amyloid precursor protein-cleaving enzyme

Slide 25: Schematic structure of BACE. Explanatory notes are excellent.  

From: Brian D. Bennett, Paul Denis, Mitsuru Haniu, David B. Teplow, Steve Kahn, Jean-Claude Louis, Martin Citron, and Robert Vassar, A furin-like convertase mediates propeptide cleavage of BACE, the Alzheimer’s b-secretase. JBC Vol. 275 (2000) 37712–37717.  By permission of the American Society for Biochemistry and Molecular Biology.

Slide 26: There is a great structure analogy between pepsin and BACE1. 

Adapted from Hong L, Koelsch G, Lin X, Wu S, Terzyan S, Ghosh AK, Zhang XC, Tang J.  Science. 2000 Oct 6; 290(5489): 150-3. © 2000 AAAS

Question:
Is memapsin 2 identical to BACE 1? BACE 1, Asp2, memapsin 2 are identical

What are the differences and similarities between pepsin and BACE1? This has been included to show the large structural homology of both enzymes; they are closely related.

Slide 27: Binding of the BACE inhibitor to BACE 

Adapted from Hong L, Koelsch G, Lin X, Wu S, Terzyan S, Ghosh AK, Zhang XC, Tang J.  Science. 2000 Oct 6; 290(5489): 150-3. © 2000 AAAS

Questions/Comments:

General description of the concept of how the inhibitors work and of the role of their interactions with the different color-coded domains of the enzyme? The general idea of a protease inhibitor is to mimic an intermediate state of the substrate cleavage process (transition state), however, this mimic can not be cleaved by the enzyme basically blocking its activity. Some inhibitors irreversibly modify the active residues during this process destroying the enzyme. The inhibitor has to fit into the three dimensional substrate groove formed by the enzyme. Specific pockets further define substrate specificity (e.g. for acidic residues with this inhibitor here found in positions P4 and P3‘). BACE has a relative large groove making the design of highly specific inhibitors difficult.
Slide 28: BACE1 is the major (-secretase for generation of A( in neurons

From: Cai H, Wang Y, McCarthy D, Wen H, Borchelt DR, Price DL, Wong PC; Nat Neurosci. 2001 Mar; 4 (3):233-4 fig. 1b.  Nature Publishing Group.  http://www.nature.com/neuro/
Questions/Comments:
Are these BACE K.O. results from in vivo or in vitro experiments? In vivo.

Slide 29: BACE trafficking and ( secretion upregulation in the TGN

Slides 30– 32: -secretase
Slide 31: The products of -secretase

Slide 32: The subcellular localization and production of A(
Slides 33 – 35:  ( and  ( cleavage

Slide 36: Summary of APP processing enzymes
Slides 37 – 38: A( in plaques
Slide 39: Summary of interactions between secretase APP and PS
Diagram by Richard Crook, Mayo Clinic Jacksonville.

Slides 40 – 47: The relationship between ( - cleavage and membrane lipid composition and thickness.
Questions/Comments:
What is IASD? Is it fluorescent or was it radiolabelled? IASD (4-acetamido-4’-((iodoacetyl)amino)stilbene-2,2’-disulfonate) covalently binds to cystein and alters the molecular weight, this is then detected.

Slide 43: Do the dancing IASD modules indicate that Cys in these locations cannot bind IASD because the latter is not lipid-soluble? Yes.

Is the ER membrane really 50% thinner than the PM? Pretty much so (but the PM has domains of very different diameters).

Was the difference in the transmembrane position of APP between PM and ER membranes actually proven experimentally? The PM transmembrane domain of APP was deduced from other proteins. There is experimental evidence that this is correct. The very detailed experiments presented here were never done with PM-APP but only with ER-APP.

Slides 43 and 44:  Original artwork by Beate Grziwa and Tobias Hartmann

Slide 45:  Diagram by Richard Crook, Mayo Clinic Jacksonville.

Slides 46 – 47: Comparison of the intramembranal cleavage of notch and APP

From:  Selkoe, clinical neuroscience research 1, pp 91 – 93, 2001 fig 3.
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