
factor NF-KB (13, 14). TNFR2 and CD40 
signal NF-tiB activation more prominently 
than cell death. The cytoplasmic domains 
of these receptors associate with structur- 
ally related cytoplasmic proteins, TRAFl 
and TRAF2, and, for CD40, also TRAF-3 
(15). Fas signals apoptosis, mediated by 
the association of its cytoplasmic domain 
with a cytoplasmic protein, FADD. 
TNFR1, signals both apoptosis and NF-tiB 
activation, mediated by the association of 
its cytoplasmic domain with the protein 
TRADD. TRADD associates with both 
TRAF2 and FADD, apparently accounting 
for the capacity of TNFR1 to activate both 
the apoptotic and NF-KB pathways. Inter- 
actions of TNFR1 and Fas with TRADD 
and FADD are mediated by a sequence 
motif known as a "death domain," present 
in all four proteins (1 3, 14). 

The recognition of a death domain motif 
within p75NTR led Rabizadeh et al. to exam- 
ine whether p75NTR might promote 
apoptotic cell death. Evidence to support 
such an  activity was obtained in several 
neuronal cell lines (16).  Involvement of 
p 7 P T R  in apoptotic cell death has also been 
reported for two populations of developing 
neurons (17). Enhanced col~version of 
sphingomyelin to ceramide, which accom- 
panies TNF-induced apoptotic cell death, 
has been demonstrated in response to acti- 
vation of p75NTR by NGF, BDNF, or NT-3 
in several cell lines (18). The new study of 
Carter and co-workers extends these find- 
ings in an important way by directly dem- 
onstrating that p75NTR dramatically con- 
tributes to NF-tiB activation and does so in 
a cell system that responds to NGF with a 
physiologically relevant response. 

Two elements of functional complexity 
distinguish the neurotrophin response sys- 
tem from that of TNF. Firstly, NGF-in- 
duced tyrosine kinase activity of the TrkA 
receptor negatively reg~~lates the capacity of 
p7PTR to mediate NGF-induced ceramide 
production. Thus, Trk function modulates 
p75NTR function, just as P75NTR function 
modulates Trk function. Second, although 
NGF binding to p75NTR induces ceramide 
production and NF-KB activation, BDNF 
and NT-3 binding to p7PTR do not induce 
NF-KB activation, but induce cerarnide pro- 
duction even more effectively than does 
NGF. These results are difficult to under- 
stand if ceramide is the endogenous inducer 
of NF-KB activation, as is commonly pre- 
sumed, and as Carter and co-workers as- 
sume in their new study. Recent studies sug- 
gest, however, that NF-KB activation is not 
downstream of ceramide production, but 
rather that ceramide production is a conse- 
quence of activation of ICE-like proteases 
in the alternative signaling pathway leading 
to apoptosis (14, 19). A model that can rec- 
oncile these findings is one in which 

signals through both FADD-like Eur J. Biochem 211, 789 (1993); A Rodriguez- 

and TRAF-2-like pathways, with NGF ac- Tebar, G. Dechant, Y A Barde, Neuron 4,  487 
(1 990) 

tivatine both ~athwavs,  whereas BDNF and 4. M Barbacid. J Neurobiol. 25. 1386 (19941. 
NT.3 activate' only TRAF.2-like path. 5 K.-F Lee eta l . ,  Cell69, 737 (1992); K -F Lee, K. 

Bachman, S Lands, R Jaensch, Science 263, 
way. The plausibility of nonequivalent ac- 1447 (1 994) 
tion of the various neurotronhins is suo- 6. R ~ l e i n .  FASEBJ. 8. 738 (19941 

ported by the finding that an antibody 
against ~ 7 5 ~ ~  inhibits NGF binding more 
effectively than binding of BDNF or NT-3 
(20), suggesting that the neurotrophins 
bind to different sites on p75NTR. 

A key question remains: Do TRAF-2 
and FADD themselves mediate ~ 7 5 ~ ~ ~  sip- 
naling, or are other structurally related pro- 
teins involved? The availability of domi- 
nant, negatively acting mutant forms of 
TRAF-2 and FADD will facilitate this 
analysis. The yeast two-hybrid technique 
has been instrumental in identifying signal- 
ing molecules interacting with other mem- 
bers of the p75NTR-TNFR receptor family. It 
is likely that this approach will also help to 
unravel the p75NTR signaling system. 
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Saturn's Rings: Life at the Edge 

Carl D. Murray 

T h e  most spectacular ring system of the 
outer planets can also be a nuisance. The 
icy particles of Saturn's rings are so efficient 
at reflecting sunlight that the resulting glare 
makes it almost impossible to detect faint 
material lying close to the main ring system. 
However, over the last year astronomers 
were able to observe the Saturn svstem 
without the customary glare when the rings 
appeared edge-on as viewed from Earth. 
Some of the results obtained with the 
Hubble Space Telescope (HST) are re- 
ported in this issue (1-3). The most inter- 
esting images are those of the small satel- 
lites and ring features lying just beyond the 
main rings. They reveal a remarkably dy- 
namic system with transient phenomena 
and a satellite inexplicably out of position. 
Something strange is happening. 

It was Huygens (4) who first realized, 
that Saturn's ring system appears to vanish 
twice every orbital period of 30 years as the 
Earth crosses the ring plane and the rings 

The author is In the Astronomy Unt, Queen Mary and 
Westfield College, Unversity of London, London E l  
4NS, UK E-mail C.D.Murray@qmw ac.uk 

are viewed edge-on (see figure). As a result, 
ground-based discoveries in the Saturn sys- 
tem tend to occur at intervals of 14 or 16 
years. Because our terrestrial viewpoint is 
changing as we orbit the sun, this last year 
has seen three Earth ring-plane crossings- 
22 May and 10 August 1995 and 11 Feb- 
ruary 1996-and one sun crossing on 19 
November 1995. Although three spacecraft 
have now visited Saturn (Pioneer 11 and 
Voyagers 1 and 2) ,  observations at times 
of ring-plane crossing are still vital, espe- 
cially because they can provide unique 
viewing geometries for extended periods. 
For example, Hall e t  al. (1)  discuss the 
spectroscopic detection of OH immediately 
above the main rings, an observation that 
call only be made at times of ring-plane 
crossing. 

A recurring yet unexpected result corn- 
mon to many of the current observations is 
the importance of Saturn's F ring in at- 
tempts to understand phenomena as varied 
as the thickness of the rings and the tempo- 
rary nature of some features. The F ring is a 
narrow, multistranded ring lying 3400 km 
beyond the edge of the main ring system 
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1966 (8). The satellite is not where it 
should be and this is still not understood. 

Other satellites are known to be involved 
in producing ring structure. For example, 
Mimas, a 400-kmdiameter satumian moon 
with an orbital inclination of 1.5" is known 
to produce corrugations at certain locations 
in the A ring; its perturbations also deter- 
mine the outer edge of the B ring. Paradoxi- 
cally, it is the gravitational effect of the 
small satellites orbiting close to the rings 
that may determine the ultimate fate of the 
entire ring system. The exchange of angular 

I momentum between these satellites q d  
- - - - - ring particles will cause the rings to spiral in 

The geometry of Saturn's ring plane crossing. From Huygens's Systema Saturnium published in toward the planet, giving an estimated ring 
1659. Huygens correctly deduced that Saturn 'is surrounded by a thin, flat ring, nowhere touching, lifetime of only 108 years; this implies that 
and inclined to the ecliptic." As Saturn moves around its orbit the aspect of the rings (outermost fing systems may be temporary adomments 
drawings) changes. G is the sun,  E the Earth, and F the Earth's orbit. Twice per Saturn orbit, at to the outer planets. One of the goals of the positions B and D, the rings appear edge-on. 

HST observations was to confirm this un- 
comfortably short lifetime by measurements 

and exhibited a clumpy and braided struc- could be seen at both encounters, but the of the small lags in the positions of these satel- 
ture in several Voyager images. It has never complicated, twisted appearance in the lites. The best hope was to use Prometheus, 
been detected in ground-based observations Voyager 1 images was replaced by an alto- the most massive of the close satellites and 
and yet is clearly visible as a bright ring in gether more regular ring by the time Voy- therefore the one producing the biggest ef- 
the stunning HST images (2, 3). The re- ager 2 arrived. Now the HST images are fect. However, unless it is possible to under- 
sidual brightness of the edge-on rings leads showing changes between the May, August, stand and model whatever is happening to 
to estimates of their effective or photomet- and November observations. Although some Prometheus, especially if collisions are in- 
ric thickness, although this may be masked of the structure in the ring is known to be volved (7), these attempts will fail and less 
by local or global warping of the rings. Pre- caused by the gravitational effect of promising satellites will have to be used for 
vious Earth crossings in December 1966 and Prometheus, a small moon orbiting between such measurements. 
March 1980 suggested an effective thick- the F and A rings, there is still no explana- In the last century, James Clerk Maxwell 
ness of 2.4 * 1.3 km and 1.133 km, respec- tion for most of the features seen in the Voy- (9) summed up the dynamical problems 
tively (5). Nicholson et al. (3) used the ager and HST images. However, Prometheus posed by Saturn's ring system: "We must ei- 
HST to measure a value of 1.2 to 1.5 km is presenting some problems of its own. ther explain its motion on the principles of 
but recognize that the F ring, rather than The orbits of a number of small satellites mechanics, or admit that, in the Satumian 
the main rings, dominated their signal at moving close to the edge of the main rings realms, there can be motion regulated by 
the August crossing. Because theoretical es- were determined with the use of Voyager laws we are unable to explain." What is re- 
timates of the true thickness of the rings are observations, but the HST data shows that quired in order to understand the F ring and 
smaller than the HST measurement by at two of these satellites-Atlas and Pro- its realms is an in situ view of the system as 
least a factor of 10, the F ring probably does metheware  out of position. Atlas, which it evolves. Fortunately, the Cassini spacecraft 
an excellent job of masking the edge-on lies just 100 km beyond the edge of the A will be launched next year and will start its 4- 
view of the main rings. A slight inclination ring, was detected by Bosh and Rivki  (2) year orbital tour of the Satum system in 2004. 
of the F ring to the equatorial plane may but 25" ahead of its expected position; this A comforting result from the HST observa- 
also explain why the exact times of crossing discrepancy may be the result of a poorly tions (3) is confinnation that the extended, 
at the east and west ansae are different (3). determined Voyager orbit. On the other diffuse E ring that Cassini will fly through re- 
Unfortunately, this difference means that it hand, Prometheus's orbit was expected to peatedly is composed of micrometer-sized 
will be more difficult to use such timings to change because an exchange of angular mo- particles that will not pose a significant haz- 
measure the precession of Satum's rotation mentum with material in the A ring. A ard to the spacecraft. Cassini is our best 
axis (6). slight expansion of its orbit should have oc- chance yet to understand this complicated 

The majority of Satum's 18 moons were curred, but the HST observations (2, 3) region. Lie at Satum's edge is bewildering, 
first detected at times of ring-plane cross- show Prometheus lagging behind its expect- but it is also exciting and full of surprises. 
ing, so more discoveries were expected dur- ed position by a remarkable 20°, two orders 
ing the 1995-1996 events. What is surpris- of magnitude larger than the ~redicted lag. Refer- 
ing is that four of the six new objects ob- It has been suggested (7) that this could be D, T, Hall, P, D, Feldman, J, B, Holberg, M, A, 
served by Bosh and Rivki  (2) and caused by collisions between Prometheus McGrath, Science 272.516 (1996). 
Nicholson et d. (3) are thought to be arcs and the F ring, which should occur every 19 2. A. S. Bosh and A. S. Rivkin, &id.. p. 518. 
or clumps of material in the general vicinity years. However, the fact that the lag did not 3. p. D. Nicholson eta/., ibid., P. 509. 

of the F ring. The F ring is strange, even for change significantly between the various :: i; ~ ~ ~ ~ h ~ ~ ~ , " X ~ ~ 1 ~ ~ l g 7 g ) ;  B, a planet surrounded by strange rings. Al- detections in 1995 appears to rule out a sin- Sicardy et a/.. ibid. 108, 296 (1982). 
though the Voyager spacecraft did not ob- gle collision and puts severe restrictions on 6. R. French eta/.. lcarus 103. 163 (1993). 
tain complete longitudinal coverage of the any collisional model. Even the promising 7. C. D. Murray and S. M. Giuliatti Winter. Nature 
ring at high resolution, there is little doubt proposal (7) that 1995 S7, one of the fea- 380.139 (1996). 

that there were fundamental changes in the tures discovered by HST, could be responsi- C. F. S. P. Synnotts H. Astron. J. 98s 
1875 (1989). 

ring in the 9 months between the two Voy- ble for perturbing Prometheus's orbit is con- 9, J, C, ~ ~ ~ 1 , .  on fie Stability of the ~~~i~~ of 
ager encounters. Bright arcs of material founded by prediscovery measurements in Saturn's Rings (Macmillan, London, 1859). 
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