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NEWS AND VIEWS 

Membrane proteins and minimalism 
Nature's Boston conference last week* showed that many intracellular signalling pathways have succumbed to the 
attack of genetics and biochemistry, while the first mice without prions promise the solution of an outstanding mystery. 

THE growing understanding of the mo
lecular mechanisms of biological signal 
transduction has been accompanied by the 
development of an increasingly sophisti
cated iconography for representing the 
essential features of transmembrane re
ceptors, or the chemical logic of their 
downstream signalling components, with 
the elegance and parsimony that come 
only with conceptual mastery. Some such 
reflection inspired Joseph Goldstein (Uni
versity of Texas) to open this year's con
ference in Boston with a Mondrian. 

But, inevitably, progress quickly over
whelms clean outlines by biochemical 
detail, and then there emerge new consid
erations, such as the role of prenylation 
(which is intelligible to biochemists and 
cell biologists) and the phenomenon of 
infectious prions (which, so far, is not). 

Much of the most spectacular reduc
tionist success has been in the functional 
dissection of membrane proteins and the 
definition of the biochemical pathways 
whereby receptors signal to the interior. 
The most elegant example remains the 
work of Joseph Goldstein and Michael 
Brown (University of Texas) on the low
density lipoprotein (LDL) receptor. 

This has now branched in at least two 
directions. One has led Brown to the analy
sis of the LDL-related receptor- a large, 
multifarious and possibly ancestral mem
brane protein that uses its repeated se
quences both to bind different apoproteins 
and to mop up serine protease complexes 
from the bloodstream. The other route, via 
the mevalonate metabolic pathway, has in 
just six months (according to Goldstein) 
opened a new and unsuspected field for 
the exploration of possible specific drugs; 
perhaps as many as half of all cytoplasmic 
proteins (including ras, the first example) 
have lipid tails which profoundly influ
ence their localization and function. 

Interference with ligand binding at the 
cell surface remains the focus of vigorous 
investigation, illustrated by attempts to 
arrest destructive neutrophils with anti
ICAM-1 (Timothy Springer, Harvard) or 
to attack retroviral leukaemia with anti
bodies against components of the IL-2 
receptor (Thomas Waldman, National In
stitutes of Health). But hope of new spe
cific drug targets increasingly centres on 
the cytoplasmic domains of receptors, and 
on the downstream elements with which 
they interact. 

It is now possible to identify small 
regions in the cytoplasmic tails of recep-
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tors (or receptor complexes) mediating 
interactions with downstream signalling 
components in the f3-adrenergic receptor 
(Robert Lefkowitz, Duke University), the 
interleukin-2 receptor (Tadatsugu 
Taniguchi, Osaka University) and the new 
family represented by the erythropoietin 
receptor (Harvey Lodish, Whitehead In
stitute). In some cases, domains linked 
with different intracellular signalling path
ways can be distinguished, as in the anti
gen receptor ofT cells (Richard Klausner, 
National Institutes of Health) and in the 
platelet-derived growth factor in which 
Lewis Williams (University of Califor
nia) has been able to show specific bind
ing of PI3 kinase, phospholipase C and 
GAP via SH2 motifs to specific phospho
rylated tyrosines of the receptor. 

Yet in spite of the emerging pattern of 
the first intracellular steps in signal trans
duction, many questions remain about 
possible specific interactions between 
downstream signalling elements, or 
branching and cross-talk between path
ways. Thus many signal transduction path
ways lead to a change of cyclic AMP 
concentration, which may be achieved by 
activation of any of a number of different 
adenyl cyclases (Alfred Gilman, Univer
sity of Texas). These have been generally 
thought to be activated by the a-subunit of 
the heterotrimeric G protein; but experi
ments by Gilman in vitro and by Henry 
Bourne (University of California) in trans
fected cells seem to show that adenyl cy
clase II can be activated by the f3-r-subunit 
of an inhibitory G protein in the presence 
of the a-subunit of an excitatory one. 

Only rarely can biochemical experi
ments demonstrate unequivocally that a 
particular association or reaction is physi
ologically relevant, especially at the level 
of the whole animal, hence the telling 
power of genetics, which has dramatically 
demonstrated in human neoplastic disease 
the physiological relevance of p53 (Bert 
Volgelstein, Johns Hopkins University) 
and of the GAP protein NFI (Frank 
McCormick, Cetus Corporation). Genet
ics has also Jed to the identification of the 
cystic fibrosis transmembrane conduc
tance regulator (CFTR) and the remark
able pleiotropic interaction of the c-kit 
tyrosine kinase receptor and its variously 
named ligand, mutations in either of which 
lead to anaemia, sterility and albinism (Pe
ter Besmer, Sloan-Kettering). 

Yet in human mutations, the relation
ship between genotype and phenotype may 

be elusive. Despite the elegant functional 
dissection of the CFTR by mutagenesis in 
vitro, the origin of variations in the sever
ity of the phenotype is not known (Michael 
Welsh, University of Iowa), nor is the 
biochemical pathway whereby NFl in
hibits the growth of Schwarm cells and 
melanocytes. 

In defining biochemical pathways, the 
genetics of fruitflies, nematodes and yeast 
has been dominant. Gerry Rubin (Univer
sity of California) showed how the fruitfly 
ommatidia! mutation sevenless has led to 
the definition of a ras- dependent pathway 
in normal development as had the genetics 
of nematode vulval morphogenesis (Rob
ert Horvitz, MIT). Polarization mutants in 
yeast seem likely to reveal cytoskeletal 
regulatory mechanisms that may bear on 
mammalian morphogenesis (Ira 
Herskowitz, University of California). 

Higher neural functions made their 
appearance at Boston as olfaction and as 
what are now known as prion diseases. 
The identification of an astonishingly large 
number of receptors for odorants raises 
the question of how the signal from a 
specific ligand is interpreted as a distinct 
sensation - a problem in neural coding, 
not transmembrane transduction (Richard 
Axel, Columbia). 

Prion diseases can be either genetic -
a mutation in the gene encoding the prion 
protein - or infectious, when a mutant 
prion protein is injected into the brain of a 
normal animal. In either case, the result is 
neural degeneration by a mechanism not 
understood. But transgenic mice contain
ing mutant prion genes develop degenera
tive disease that can be transmitted with 
the protein to other animals; so the phe
nomena are incontrovertible (Stanley 
Prusiner, University of California). 

Of the theories to explain them, one of 
the most prominent is that mutant prion 
proteins adopt an abnormal conformation 
transmitted when they interact with the 
normal wild-type version. So an animal 
lacking wild-type prion protein should be 
immune from prion disease. Charles 
Weissmann (Zurich) announced in Bos
ton that he is now able to test this by means 
ofhomozygous "knockout" mice in which 
the prion gene is not expressed and which 
so far seem phenotypically normal. This 
time next year, it should be known whether 
they will succumb to infection with mu
tant prions. Miranda Robertson 
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