
bining rare earth elements with other ele- 
ments makes other colors. For example, ti- 
tanium and cerium make a yellow color. 

The largest growth area for rare earth 
elements is magnetic applications. Samari- 
um-cobalt and iron-neodymium-boron al- 
loys give extremely stable magnets with 
high relnanence and coerc ive  f ie ld  
strengths (11). These magnets form an in- 
tegral part of hard disk drives. electric mo- 
tors. and compact headphones. 

It is likely that the use of rare earth ele- 
ments will increase. but many applica- 
tions are held back by the cost of these el- 
ements. The report by Uda et al. may well 
lead to  s impler  and less colnpl icated 
routes for the separation of  these ele- 

ments, reducing cost and opening up fur- 
ther opportunities for appl~cations of these 
unique elements. 
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An Accomplice for y-Secretase  
Brought into Focus  

Sangram S. Sisodia 

A
lzheimer's disease (AD) is thought 
by many to be intimately, if not 
causatively, associated with the de- 

position of short P-amyloid (AP) pep- 
tides in  the cerebral  cortex and hip-  
pocalnpus of  affected individuals ( I ) .  
These AD peptides are liberated from P- 
alnyloidprecursor proteins (APPs) after 
cleavage of APPs in the membrane by P- 
and y-secretase enzymes. Identified last 
year, P-secretase (BACE 1) I S  a mem- 
brane-tethered aspartyl protease that gen- 
erates  an AP fragment from the APP 
amino terminus (see the figure) (2).  In 
contrast, the identity of  y-secretase- 
which cleaves APP within its transmem- 
brane segment to generate the carboxyl- 
terminal AP fragment-has remained a 
mystery. Various researchers have all but 
declared that the serpentine presenilin 
proteins (PSI and PS2) are the y-secre- 
tases responsible for intramembranous 
processing of  APP (and other proteins 
such as Notch). These declarations are 
likely to be tempered by the recent report 
in !XTature from St George-Hyslop and his 
colleagues (3). These investigators de- 
scribe a new protein, dubbed nicastrin, 
that associates with PSI and PS2 and. 
most provocatively, affects y-secretase 
processing of APP. This hints that, even 
if PSl  and PS2 do have y-secretase activ- 
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ity, they may require help from addition- 
al proteins to cleave APP efficiently. 

Some AD patients with early-onset dis- 
ease carry mutations in either the PSI or 
PS2 gene. These mutations induce a shift in 
the preferred y-secretase cleavage site in 
APP by two amino acids. The ill-fated con- 
sequence of this shift is the generation of a 
slightly longer AP fragment (42 rather than 
40 amino acids in length) called APq2, 
which forms fibrillar clumps that are toxic 
to neurons (4). Genetic analysis of the PS 
homolog, sel-12, in the worm and pheno- 
typic examination of mice lacking either 
PSI or PS2 or both genes strongly suggest 
that the PSs facilitate signaling through the 
linl2,/glpl,i~Vntch pathway during animal 
development. The ability of Notch, a mem- 
brane receptor, to move to the nucleus and 
activate gene expression depends on its pro- 
teolytic processing within the membrane 
(5 ) .It is intriguing that the PSs facilitate 
two seemingly distinct processes, namely 
AD,, production and Notch activity. Inter- 
est in this observation escalated even fur- 
ther with the discovery that secretion of A@ 
peptides is compromised in PSI-deficient 
neurons, resulting in the intracellular accu- 
mulation of membrane-tethered p-secre-
taseederived "P stubs" (the substrates for y- 
secretase). Indeed, y-secretase activity is 
completely abrogated in cells derived from 
mouse blastocvsts lacking both PSI  and 
PS2 (6). ~ o n i u r r e n t l y ,  Wolfe and col- 
leagues (7)demonstrated that expression of 
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six and seven. also compromised Ap secre- 
tion. Together these findings led to the pro- 
posal that PSs are unusual diaspartyl pro- 
teases that hydrolyze peptide bonds in 
membrane-associated proteins. Consistent 
with this observation, intramembranous 
processing of Notch 1 and its nuclear sig- 
naling activity are also attenuated in PSI- 
deficient cells or in cells expressing mutant 
PSI (6). Finally, the recent demonstration 
that PSI and PS2 are selectively cross- 
linked to potent, transition-state y-secretase 
inhibitors has led many to indict the PSs as 
the culprit y-secretases (8 ) .  

Although the notion that PS 1 and PS2 
are y-secretases is appealing, the evidence 
is not as air-tight as it might appear. First. 
PSs are predominantly found in the early 
compartments of the endoplasmic reticu- 
lum (ER), yet intramembranous processing 
of APP and Notch occurs In late compart- 
ments of the secretory pathway (the Golgi 
and beyond) ( 6 )  M o r e o ~ e r ,  the rate at 
w h ~ c h  APP moves through the ER is de- 
creased In PSI-deficient neurons. suggest- 
ing that PS 1 could be a chaperone (or scaf- 
fold protein),  recruiting APP ( o r  its P 
stubs) to those 4ecretory compartments In 
which y-secretase actlvlty resides ( 6 )  In 
s~mllar fashlon, ~t has been proposed that 
SREBP (a membrane-anchored protein that 
regulates cholesterol synthesis) 1s dellbered 
by SCAP (a cholesterol-senslng FR mem-
brane protein) from the ER to the Golgi 
where ~t 1s cleabed by the Slte-1 protease 
( 9 )  Second, PS 1-dependent y-iecretase 
processing of APP is promiscuous. gener- 
ating heterogeneous carboxyl-terminal AP 
fragments, w h ~ c h  indicates that this pro- 
tease has relaxed sequence specif~clty In 
contrast, y-secretase processing of Notch I 
1s preclse, occurnng at only one poslt~on ln 
the transmembrane segment of the protein 
( 5 )  Flnally, ~t 1s now abundantly clear that 
accumulat~on of the PSs is t~ghtly regulated 
through the~r  association ~71thllmiting cel-
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lular components (4). The -43- to 50-kD 
PS polypeptides exist in larger heteromeric 
complexes with estimated molecular sizes 
ranging from -250 kD to more than lo6 
daltons; the largest of these detergent-solu- 
bilized complexes perfectly cofractionates 
with y-secretase activity (10). Mutations in 
the two PS aspartates re- 
duce the size of the het- 
eromeric PS complex (3), 
suggesting that the aspar- 
tates are necessary for as- 
sembling the y-secretase 
complex but do not have 
enzymatic activity per se. 

In the new work, St  
George-Hyslop and col- 
leagues extend the notion 
that PS 1 and PS2 are com- 
ponents of a multiprotein y- 
secretase complex. They 
isolated PS 1 along with as- 
sociated proteins from de- 
tergent-solubilized extracts 
of mammalian membranes 
using immobilized antibod- 
ies against PSI (3). A 
prominent -80-kD poly- 
peptide, immunopurified in 
stoichiometric amounts 
with PSI, was cleaved with 
trypsin and analyzed by 
mass spectrometry. Com- 
parison of the full-length 
sequence of this polypep- 
tide, called nicastrin, with 
cDNA database sequences 

APP Nicastrin 
N N 

Lumen/extracellular 

ed, despite the authors' assertion that APP coupled to y-secretase activity. Clearly, 
is not a component of the complex from this notion must now be validated by anal- 
which nicastrin was isolated. Second, the ysis of AP peptide production and Notch 
effect of nicastrin on AP production yields processing in cells from mice lacking 
paradoxical findings. Overexpression of nicastrin. 
nicastrin has no apparent effect on the pro- It is clear that portraying y-secretase as 
duction of AP;' however, nicastrin harbor- a single entity (a PS) is an oversimplifica- 

tion. The way forward is to 
reconstitute full y-secretase 
activity with purified com- 
ponents, a rather challeng- 
ing proposition given that 
there could be a large num- 
ber of different proteins in 
the multimeric PS com- 
plex. Even with the best 
characterized example of 
intramembranous proteoly- 
sis-the processing of 
SREBP-2 by the Site-2 
protease-this reaction has 
not been reproduced in vit- 
ro with isolated compo- 
nents (9). Nevertheless, 
identification of the entire 
repertoire of polypeptides 
that associate with PS in 
the y-secretase complex is 
the next step. This should 
yield new therapeutic tar- 
gets for blocking AP pro- 
duction and for ameliorat- 
ing the symptoms of AD. In 
addition, it will be instruc- 
tive to see whether some 
familial and sporadic AD 
patients carry mutations in 
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suggested that it might nicastrin or in other com- 
The complexities of amyloid processing. The transmembrane proteins nicastrin ponents of the y-secretase adopt the of a and presenilin are associated together in a complex that has P-secretax activity. 

type I membrane The arnyloid precursor protein (APP) is first cleaved by p-secretase to  yield a P complex. These efforts 
protein (see the figure)' Or- stub, which is then cleaved by y-secretase to  yield a P-amyloid fragment that is se- should provide mechanistic 
thologs of nicastrin are ex- creted. Nicastrin associates in  some way with presenilin through the DYIGS motif insights into how the trans- 
pressed in in its extracellular domain.The P stub is associated (probably transiently) with the membrane domains of pro- 
vergent organisms, includ- presenilin-nicastrin complex. teins are enzymatically 
ing the worm, the fruit fly, cleaved in the membrane, a 
and the plant Arabidopsis. But nicastrin se- ing substitutions of alanine for aspartate process that regulates a diverse list of cel- 
quences from these organisms have no ho- and tyrosine in the conserved sequence as- lular functions (9). 

' 

mology to, or motifs in common with, any partate-tyrosine-isoleucine-glycine-serine Perhaps Jean-Luc Godard, the French 
known proteins. Coincidentally, similarities (DYIGS) not only remains fully capable of film director, was thinking about the con- 
between the embryonic worm phenotypes associating with PSI, but also enhances tribution of science to medicine when he 
associated with reduced activity of the secretion of AP peptides, most prominent- quipped "counter vague ideas with sharp 
nicastrin homolog, aph-2, and of the PS ly of AP42. In contrast, expression of images." For a sharper image of y-secre- 
homologs, sel-12 and hop-I, indicate that nicastrin with a deletion of the DYIGS tase-stay tuned. 
nicastrin may also facilitate glp-l/Notch motif and neighboring sequences leads to 
signaling during development. a reduction in secreted AP and a substan- References 
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