
present density filnctional calculations with 
gradient corrections give energy barriers of 
chemical reactions that are too low. A 
qualitative step forward is called for, similar 
to the step from the LDA to current gradi-
ent-corrected density f~~nctionals(5). 

For these reasons, the design and optimi-
zation of high-performance electronic, opti-
cal, and magnetic materials benefits perhaps 
the most from the capabilities of first-prin-
ciples quantum mechanical methods, be-
cause in these systems the key aspect is typi-
cally the relation between a static geometric 
structure and the corresponding electronic 
structure. A good example is related to the 
design of high-performance optical fibers, 
in which any impurity or defect is a poten-
tial source of scattering that can degrade 
performance. One such defect is caused by 
oxygen vacancies within the SiOznetwork. 
Starting frorn a crystal of a-quartz (see fig-
ure), the removal of an oxygen atom leaves 
two silicon atoms in the lattice with unsatur-
ated bonds. It is not obvious how these at-
orns relax to minimize the total enerB of the 
system. One possibility is that an internal 
Si-Si dimer forms, thus closing the micro-
void created by the oxygen vacancy. Local 
density functional calculations (6) reveal 
that on removal of one oxygen atom the ad-
jacent Si atoms spontaneously dimerize. 

However, a puckered conformation is found 
as another possible metastable confonnation 
(see figure). For this stnlcture, the calcula-
tions give a highly localized electronic state 
(see figure).The energy of this state falls into 
the optical gap of the perfect silica and thus 
may be a cause for light absorption. '4 key 
finding, which is being further investigated, 
is the fact that the puckered structure is sta-
bilized by the trapping of a positive charge. 
In fact, with this detailed knowledge of the 
nature of the oxygen i~npurityand its sensi-
tivity to the charge state, it is possible to de-
sign improved materials and processes that 
avoid this type of defect, thus leading to 
better high-performance silica materials for 
applications such as optical fibers. 

These two examples dernonstrate that 
current quantum mechanical methods al-
low the prediction of subtle structural fea-
tures that can have significant effects on 
the properties of a material, such as its opti-
cal characteristics. Equipped with this type 
of predictive structural tool, materials sci-
entists are now in a position to explore the 
"materials design space" in a much more 
creative and productive way than with a 
purely experi~nentalapproach. A large part 
of all possible combinations of atoms is still 
unknown, as can be seen from an analysis of 
the docunented materials and phases. 

Whereas 83% of all ~ossiblebinarv svstems , , 

have been experi~nentally characterized, 
less than 10% of all ternaries and less than 
1% of quaternary systems are known (7). 
The majority of materials have yet to be 
synthesized and characterized. An impor-
tant tool to this end is the reliable predic-
tion of atomic structures, now possible with 
first-principles quantum mechanical ap-
proaches even when very subtle effects and 
dynarnical aspects are involved. 
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Digging into Caveolae 

Robert G. Parton and Kai Simons 

Eukaryotic cells use stringent sorting 
mechanisms to nlaintain the lipid and pro-
tein cornposition of their intracellular or-
ganelles. This sorting process is best under-
stood for the recruitment of certain trans-
membrane proteins into pits in the plasma 
membrane (defined by their coats of the pro-
tein clathrin). Concentration of these pro-
teins generates heterogeneity within the 
plane of the membrane. The cell uses a dif-
ferent strategy to maintain other distinctive 
plasma rnernbrane structures, the caveolae, 
a strategy that rnakes use of the biophysical 
properties of lipids rather than protein-pro-
tein interactions. A new purification tech-
nique for caveolae, reported in this issue of 
Science,demonstrates this in a striking way (1). 

Caveolae ("small caves"), flask-shaped 
invaginations of the plasma rnernbrane, are 
a prominent feature of many mammalian 
cells (2 ,  3). They were originally defined by 
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electron microsco~vand are ~articularlv 
L ,  

abundant in adipocytes, smooth ~nuscle, 
and endothelia. In the past 5 years, progress 
on the biochemistry of caveolae has been 
greatly facilitated by the characterization of 
VIP2 1-caveolin, a 2 1-kilodalton integral 
rnernbrane proteln proposed to be part of 
the "caveolar coat" (4, 5). This unusual pro-
tein forms a hairpin structure in the mem-
brane, with both the amino and carboxyl 
termini facing the cytoplasm (6). VIP21-
caveolin is also present in the trans-Golgi 
network (TGN) and in both apical and 
basolateral exocytic vesicles of epithelial 
cells. It was isolated from such epithelial 
cells on the basis of its nresence in low-
density, detergent-insoluble cornplexes (7), 
which also contain glycosyl phosphati-
dylinositol (GP1)-linked proteins and other 
proteins implicated in signal transduction, 
including Src-family kinases and heterotri-
meric guanosine triphosphate-binding pro-
teins (G  proteins) (8).The complexes are 
enriched in glycosphingolipids (GSLs), 
sphingomyelin, and cholesterol, but are de-

pleted of phospholipids (9). These results 
suggested a link to earlier observations in 
lylnphocytes showing that cross-linking of 
GPI-anchored proteins caused activation of 
Src-family kinase-mediated signaling path-
ways dependent both on the GPI-anchor and 
on the lipid modification (palmitoylation) of 
the Src kinase (10-1 2). Moreover, detergent 
treatment of Ivmnhocvtes extracted con-

, A , 

plexes enriched in GPI-anchoredproteins and 
Src kinases (13). These findings led to the 
idea of rnicrodomains of distinct lipid com-
position that mediate signal transduction. 

However, the equivalence of detergent-
insoli~blecomplexes and caveolae has now 
been questioned (14), and it appears that at 
least in lymphocytes and neuroblasto~na 
cells detergent-insoluble cornplexes can ex-
ist in the absence of caveolae, as shown by 
morphological criteria and by the absence 
of VIP21-caveolin (15, 16). Clearly, signal 
transduction in these cells does not require 
VIP21-caveolin or caveolar invaginations. 
In addition. GPI-anchored wroteins mav 
not be grea;ly enriched in ca'veolae unde; 
steady-state conditions (17, 18) and hence 
their detergent insolubility would not corre-
late with their nresence in caveolae. Never-
theless, these points remain controversial. 
We therefore wrowose that the term

L L 

"caveolae" be used for the classical morpho-
logical entity as originally defined and that 
these stnlctures be differentiated from the de-
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c-rarntly I 

1 
tergent-hhble g l y u q b g o m  
Complm (DIGS), *& appear ts, be I destetolt . 

P21 - p v *  
1Br- 

side GM1 can be wen wfzhin by the e t m s r i t ~ ~  & ' CEpids) ;ue ccmgantly 
electron microscopy, even wIthwt sass- moving back and fix& as do hmgent 
linlrlng' (20). Thii point is now taqpord momtpen in a nth&, The DIG w* 
by bioebemical ev ihce  from a pw&c%tion 
tedrnique in wkiih the endothebdoellsur- 
face i s  coated with colloidal &ca in vim ' 

(I). Readably, GMx- Wr21-caveob aEso fomn arouiid ihe D i a  but we Wive 
enriched domains were wmpleteb s e p m d  that eoen in a3si wlfbl n w m  cawoh 
from fractions wntahing Q P I - M  DIGS mena && to the ~~ do- 
proteins. The authors mgges+ht OPI-an- maia, (2iaractMon of the name of & 
chord pteins exist in a donrain or annulus lipids on the cytoplamk leaflet pf the 

~ w i l l h e r e ~ i , a s w i l l r e c o n -  
sritution of the pmces3 in lipomma. 

Finaliy, .these results have imphtiioae 
for sorting of apically destined proteins in 
rhe TGN of e@&eZial cells. cd the 
TGN - m y  be 4 e d  in GSLs, VIP'L~- 
cave01h and GPI-anchored proteins and 
function analopdy to caveolae (6). 
Caveohe at the cell gurface may act as traps 
for pxoteins with &ty for these mem- 
brane domains. 'lhis affinity might be mod- 
ulated, for example, by pmxses that mimic 
cross-linking of G P I - d o d  or trans- 
membrane pmeif.ts (25). Palmitoyladon, * 
reversible and reguh&le d d m 2  
i n f l i l e n c e t h e ~ ~ o f ~ d  
dre DIGS (within or outside ~ e o ~ )  06 
the @ic & of the ptartna mem- 
?mane Lndeed, VITYL1-eaveolin (261, !?kc kt. 
nases (271, and heterpmeric G pt~eim 
(28) alv d l  palmltoylated. In this way rh,e 
cetl d d  build up a complex domain with- 
i n $ l e p k m A ~ d a n ~  
gatgofiipids,ThechaUengeindtefutm*. 
w l d l b E t o ~ f K I w c h e s e . '  
diipkb and ptkins u)nrribute-- 
4ty in u&dar function. Maybe the dl rp- 

a l i y b  d dte h& of lipid species 
&at make up Ouf cell& lIla&mes. 


