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NEWS AND VIEWS 

Confluence of the functional and struc
tural themes of the story occurred with the 
success of genetic complementation experi
ments6.7. In airway and pancreatic cells from 
cystic fibrosis patients, transient or stable ex
pression of the cystic fibrosis gene produced 
a cAMP-regulated o- conductance where 
none had existed before. Although these 
findings connected the Cl- channel regula
tory defect with CFTR, it remained un
known whether CFTR was a o- channel or 
whether it regulated o- channels already 
present in the plasma membranes of the epi
thelial cells. The new nonepithelial express
ion studies do not resolve this issue either, 
but they do impose additional constraints on 
CFTR function. The vaccinia-virus express
ion system used by Anderson et al. 1 appro
priates the cell's protein synthetic ma
chinery, ruling out CFTR-induced express
ion of other proteins (such as epithelial-spe
cific o- channels or regulators). This implies 
that the only factor necessary for a cell to 
mount a cAMP-activated o- conductance is 
CFTR. Kartner eta/. 2 provide us with single
channel recordings corresponding to this o
conductance. By implication, the recordings 
represent the single-channel records of 
CFTR or of the o- channel with which 
CFTR consorts. 

These results leave in their wake un
answered questions about several earlier 
findings. If CFTR is a o- channel, then 
which one is it? Epithelial cells have a variety 
of o- channels, with different biophysical 
properties. Recordings of o- currents in 
whole-cell patch-clamp studies reveal at 
least three conductances that are evoked by 
secretory and volume-regulatory stimuli8. 
Cell-attached channel recordings from pan
creatic and intestinal cells provide evidence 
of a cAMP-activated channel whose proper
ties are consistent with the cAMP-activated 
o- conductance9

•10. The channel has a linear 
current-voltage relationship and a single
channel conductance of 10 picosiemens 
(pS). These are the channel characteristics 
that Kartner et a/. 2 detect in nonepithelial 
cells transduced with the complementary 
DNA for CFTR and attribute to CFTR. 

Yet our concept of o- channel 
dysfunction in cystic fibrosis is based on 
protein kinase-induced activation of a 
30-50-pS o- channel with an outwardly 
rectified current-voltage relationship, the 
'outward rectifier'. The failure of protein 
kinases to activate the outward rectifier in 
membranes from cystic fibrosis cells is a con
sistent finding (reviewed in ref. 3). Will the 
real o- channel please stand up? This is not 
a trivial problem, because most biophysicists 
would agree that an ion channel has certain 
unique features, including its single-channel 
conductance, ion selectivity and blocker sen
sitivity. The 10-pS o- channel and the out
ward rectifier differ in all of these character
istics8·10. In general, channel regulators do 
not alter these properties, but instead affect 
the number of active channels or the level of 
their activity. Can CFTR behave as both the 
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10-pS o- channel and the outward rectifier? 
Probably not. Proof that CFTR is a o- chan
nel awaits a successful reconstitution experi
ment in which CFTR is incorporated into an 
artificial membrane system (planar lipid bi
layer). 

A second unresolved question with the 
CFTR = o- channel equation is its dose
response relationship. Efficient expression 
systems can generate considerably greater 
amounts of CFTR in transfected cells than 
those which exist in native epithelia, perhaps 
corrupting normal cellular functions in doing 
so. If nonepithelial cells expressed an 
amount of CFTR more representative of air
way cells, would a cAMP-dependent o
conductance be detected? And what of the 
cellular location of CFTR? It is the relation
ship between plasma-membrane CFTR and 
o- conductance that is of interest, and this 
has not, so far, been adequately defined. 

Finally, are alternatives to the idea of 
CFTR being a o- channel still worthy of 
serious consideration? We feel that CFTR 
could function as a regulator, although the 
results obtained from expressing CFTR in 
nonepithelial cells now certainly limit the 
possibilities. Ostensibly, CFTR must be ca
pable of subverting a garden-variety o
channel, directing it, if necessary, to the 
plasma membrane and conferring on it the 
ability to be regulated by cAMP. A suitable 
model arises from the observation 11 that 
endosomal membranes show a o- con
ductance that is stimulated by protein 
kinase A. Can expression of CFTR promote 
its appearance in the plasma membrane? 
There are undoubtedly other models, but 
the important point is that the phenotype 
that we associate with secretory epithelial 
cells, namely a cAMP-activated o- conduc
tance, can be conferred on other cells by 
CFTR. 

The simplest explanation at present is 
CFTR = o- channel. Definitive proof 
awaits positive results from the reconstitu
tion experiments. In the meantime, we re
main as the two mathematicians in a Sidney 
Harris cartoon. One, having sketched a com
plex, multivariable equation across the 
blackboard, comes to the equals sign. He 
turns to his colleague and says, "This is the 
part that always makes me nervous". o 
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DAEDALUS----------------

Bespoke flight 
AFTER a recent air journey enlivened by 
overbookings, air-traffic delays and missed 
connections, Daedalus began to grumble 
that airline timetables these days are mere 
works of fiction. He now plans to do away 
with them altogether. 

His basic idea is very simple. To make a 
flight, you phone up the booking system 
and say where and when you'd like to fly. 
A computer scans the incoming requests. 
When a plane-load has built up around a 
specific route and time, it invites subscrib
ing airlines to 'bid' for that flight. 

The strategy of bidding would be pretty 
subtle, and would have to be fully compu
terized. Fuel, crewing, the cost of airport 
'slots', and the availability nearby of an air
craft of about the right size, would all have 
to be taken into account. If an airline al
ready had a planned flight arriving at the 
airport around the proposed departure
time, for example, it could put in quite a low 
bid. By selecting the lowest bids, the com
puter will automatically interleave the pro
posed flights into the most economic over
all flight-plan. As passengers announce 
themselves or change their minds, it will 
update that plan. 

For the passengers will be part of the 
auction. Whenever a flight has been tenta
tively defined, the computer will phone 
them all with news of its time, proposed 
cost, destination, and current likely alter
natives. Some will confirm their intention. 
Others will switch flights, perhaps holding 
out for a flight to fit their own tight sche
dule regardless of cost, or accepting a very 
cheap offer on a nearly-full flight going 
roughly in the right direction. The voice of 
the market, what it wants and can afford, 
what it will sacrifice for cheapness or pay 
for convenience, will speak clearly and effi
ciently - much more so than through the 
present rigid timetables, fixed fares and 
discounts with silly restrictions. And the 
computer will respond, by re-optimizing 
the global flight plan and presenting it 
again. Ultimately, all the passengers will be 
accommodated with an absolute minimum 
of air-movements. Expensive aircraft will 
be ideally matched to well-expressed de
mand by cheap telecommunications and 
information technology. 

Flexible-response routeing will give air
lines the same sort of advantage that just
in-time delivery gives to a factory. No 
longer will aircraft fly nearly empty for lack 
of demand. No longer will passengers find 
themselves overbooked, or forced into cir
cuitous journeys by inflexible scheduling. 
On popular routes, demand will build up so 
fast that flights will be almost as frequent 
and predictable as a scheduled service, and 
much cheaper. Only the most awkward 
and least-travelled routes will show serious 
volatilities of time and cost, as they should. 
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