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as extrinsic ubiquitin receptors of the protea-
some5,7. Thus, the question of ubiquitin recep-
tors seemed to be answered. As we now find 
out, however, the 26S proteasome concealed an 
additional intrinsic ubiquitin receptor. 

In the first of the new papers, Husnjak et al.1 
describe how they have identified human 
Rpn13, a regulatory-particle subunit, as a 
ubiquitin-binding protein. Although both the 
amino- and carboxy-terminal regions of Rpn13 
are conserved among species, the ubiquitin-
binding activity is located at what is known as a 
pleckstrin-homology-like domain at the amino 
terminus (pleckstrin-homology domains are 
common in proteins involved in intracellular 
signalling). Rpn13 from budding yeast has only 
the amino-terminal conserved domain. 

Husnjak et al.1 first addressed the signifi-
cance of the ubiquitin-binding activity of 
Rpn13 in purified 26S proteasomes. Although 
proteasomes lacking all known ubiquitin-
receptor activities — including the UIM of 
Rpn10 and three UBL–UBA-containing pro-
teins — still bound to the polyubiquitinated 
substrate, additional deletion of Rpn13 resulted 
in almost total loss of ubiquitin-binding activ-
ity. The defect was restored by either Rpn10 or 
Rpn13. These results clearly suggest that Rpn10 
and Rpn13 are the primary ubiquitin receptors 
of the 26S proteasome (Fig. 1). 

The amino-terminal domain of Rpn13 
shows no similarity to known ubiquitin-bind-
ing motifs. As Husnjak et al.1 and Schreiner 
et al.2 recount, the next phase of the research 
was to use nuclear magnetic resonance and 
crystallographic studies to determine how 
Rpn13 binds ubiquitin. These structural analy-
ses revealed that the amino-terminal domain 
has a canonical pleckstrin-homology fold con-
sisting, in technical terms, of a seven-stranded 
β-sandwich structure capped by the carboxy-
terminal α-helix. The authors therefore named 
this domain ‘pleckstrin-like receptor for  
ubiquitin’ (Pru). 

They found that the Pru domain of human 
Rpn13 shows high affinity (around 90 nano-
molar) for diubiquitin, the strongest binding 
among the known ubiquitin receptors. Both 
human and yeast Rpn13 Pru domains use three 
loops at one edge of their β-sheet to bind ubiq-
uitin. The authors successfully created an rpn13 
mutant (called rpn13–KKD) that lost ubiqui-
tin-binding capacity without compromising 
proteasome integrity, and tested the biological 
effects of this mutation in yeast. Degradation of 
a model substrate protein of the ubiquitin–pro-
teasome system was retarded in this mutant; 
and when combined with an rpn10–uim 
mutant, the cells showed further impairment of 
proteasome function. In addition, polyubiquiti-
nated proteins accumulated in the rpn10–uim, 
rpn13–KKD mutant cells. These results suggest 
that Rpn13 is a true intrinsic ubiquitin receptor 
of the 26S proteasome, and that it collaborates 
with Rpn10 in vivo.

An obvious question that arises is why  
there are so many ubiquitin receptors in 

the ubiquitin–proteasome system. The 26S  
proteasome binds with high affinity to the 
longer polyubiquitin chains, so it is likely that 
both Rpn13 and Rpn10 can bind simultane-
ously to a substrate that bears such chains. 
Rpn13 Pru can also recognize UBL–UBA-
containing proteins1,2, as mammalian Rpn10 
does4. Perhaps polyubiquitin recognition at 
multiple sites in the proteasome enhances tar-
geting potency and stabilizes the proteasome–
substrate complex for substrate degradation. 
Intriguingly, yeast cells with mutations in five 
ubiquitin receptors are still viable, indicating 
that there may still be unidentified ubiquitin 
receptors in the proteasome, perhaps operat-
ing downstream from Rpn10 and Rpn13. In 
mammalian cells, Rpn13 binds via its carboxy-
terminal domain to Uch37, one of three protea-
some-associated deubiquitinating enzymes8–10. 
This means that Rpn13 might be a specialized 
ubiquitin receptor that can fine-tune the tim-
ing of substrate degradation. 

More generally, it is becoming apparent that 
there are several layers to proteasome regula-

tion, and that this may allow the proteasome 
to cope with high substrate flux as well as a 
wide diversity of substrates. The identification 
of Rpn13 as a ubiquitin receptor will help in 
directing research to elucidate these intricate 
mechanisms. ■
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BIOPHYSICS

Cells get in shape for a crawl 
Jason M. Haugh

A cell’s shape changes as it moves along a surface. The forward-thinking 
cytoskeletal elements are all for progress, but the conservative cell 
membrane keeps them under control by physically opposing their movement.

protrudes forward in concert with forces that 
act at the rear of the cell. The authors deter-
mined that most of the shape variability could 
be attributed to differences in cell size and, to 
a lesser extent, the aspect ratio of its charac-
teristic dimensions (the ratio of its width to  
its height).

The key insight by Keren et al. was to relate 
two independent observations: the cell’s shape 
and its distribution of actin filaments. Actin fila-
ments are structural elements inside the cell that, 
through the energy-intensive process of adding 
(and later removing) protein subunits, produce 
the mechanical work required to push the cell 
forward. New, growing filaments are formed by 
the branching off of existing ones, a process that 
is well understood in keratocytes4,5. 

Building on previous work6, the authors 
propose a mathematical model to explain 
the observation that the filament density at 
the cell front is graded, with the highest den-
sity at its centre (Fig. 1). The importance of 
this approach is that it incorporates known 
molecular mechanisms, and hence the model 
could be used to predict what might happen 
if the functions of the molecules involved 
were perturbed. The authors next invoked 
what is known as the force–velocity relation-
ship, which states that the rate at which the  

The ability of living cells to move affects the 
way our bodies develop, fight off infections 
and heal wounds. Moreover, cell migration is 
an extremely complex process, which explains 
why it has captured the collective imagina-
tions of a variety of fields, from the biological 
and the physical sciences. This is good news, 
because cell motility is determined in equal 
parts by biochemistry and mechanics1,2, and 
so understanding and manipulating it require 
the sort of clever approach that comes only 
from the integration of multiple scientific 
disciplines. On page 475 of this issue, Keren 
et al.3 combine approaches familiar to cell biol-
ogy with those familiar to applied mathematics 
and physics to address how the forces gener-
ated by specific molecular processes in a cell 
produce its observed shape.

The starting point for the authors’ analy-
sis was the characterization of variability in 
the shapes adopted by epithelial keratocytes 
from fish skin in culture. These cells serve as a 
unique model system for studying cell migra-
tion, because they crawl rapidly and without 
frequent changes in direction, and maintain a 
nearly constant shape as they move. Their ster-
eotypical shape, often described as an ‘inverted 
canoe’, is characterized by a broad membrane 
structure at its front, the lamellipodium, which 

461

NATURE|Vol 453|22 May 2008 NEWS & VIEWS



membrane can be pushed forward by the 
growing actin filaments decreases as the force 
resisting them increases, and above a criti-
cal value — the stall force — protrusion stops 
completely. 

Although the mechanisms that give rise 
to this relationship are actively debated, it 
is strongly grounded by empirical observa-
tions7. Keren et al.3 reasoned that the load 
force per actin filament must increase as the 
filament density decreases from the centre of 
the cell, and thus the ‘sides’ of the cell repre-
sent the regions of the lamellipodium where 
the actin filaments are stalled (and/or buckled 
under pressure; Fig. 1). A specific prediction 
followed, which the authors confirmed: the 
steepness of the actin-filament gradient from 
the cell centre to the front edges is directly 
related to the cell’s aspect ratio. Furthermore, 
with the specification of the cell shape and the 
force–velocity relationship, Keren et al. showed 
that they could predict, in a consistent way, the 
curvature of the cell front and the cell-migra-
tion speed.

The elegance of the authors’ model, which 
exemplifies the combined use of quantitative 
cell biology and mathematical analysis8, lies 
in its ability to relate molecular and physical 
processes with very few or in some cases no 
adjustable parameters. One unresolved issue 
that warrants further study concerns the 
mechanistic implications for the variability in 
cell size. Although Keren et al. were not able to 
address this point directly, their model suggests 
that it ought to affect either the rate of actin-
filament branching or the tension of the cell 
membrane, or possibly both.  ■

Figure 1 | Shape matters. Viewed from above, 
the characteristic shape of fish keratocyte cells 
crawling on a surface resembles an inverted 
canoe. The driving force of the cell’s movement 
comes from actin filaments that form a network 
at the cell front. The filaments grow in the 
direction of motion, generating a thrust that 
overcomes tension in the cell membrane. Keren 
et al.3 show that the density of actin filaments 
varies across the cell front (higher-density 
regions are shown in deeper turquoise). The 
authors propose that high-density regions 
generate more thrust than low-density regions 
(arrow sizes indicate magnitude of thrust). High-
density regions thus protrude forward more 
than low-density areas. This model explains the 
shapes formed by moving cells.

Network of actin
filaments

Direction of
movement

ASTRONOMY

Supernova bursts onto the scene
Roger Chevalier

The stellar explosions known as supernovae are spectacular but common 
cosmic events. A satellite telescope’s chance observation of a burst of X-ray 
light might be the first record of a supernova’s earliest minutes. 

Once the processes of nuclear fusion that 
have bolstered it against its own gravity are 
exhausted, the core of a massive star collapses 
in on itself. The result is a cataclysmic explo-
sion that sends a violent shock wave racing 
outwards. As this shock wave reaches the 
star’s surface, it produces a short, sharp burst 
of X-ray or ultraviolet radiation, the prelude 
to the expulsion of most of the star’s matter 
into the surrounding medium. Lasting days to 
months, we see this aftermath of the explosion 
as a supernova.

That is the theory, at any rate. But although 
supernovae themselves are common enough, 
the chain of events that lead up to them — in 
particular, the exact moment of ‘shock break-
out’ — had never been seen. That all changes 
with a report from Soderberg et al. (page 469)1. 
They observed an intense, but short-lived,  
X-ray outburst from the same point in the sky  
where shortly afterwards a supernova flared 
up, and have thus provided valuable support 
for the prevalent theories of supernova pro-
genitors.

The authors’ discovery was serendipitous: 
they just happened to be examining the after-
math of a similar supernova, of ‘type Ibc’, in the 
same galaxy. The instrument they were using, 
NASA’s Swift satellite, was primarily intended 
to pinpoint the mysterious flashes of intense, 
high-energy light known as γ-ray bursts. But, 
while pursuing this successful main career, the 
telescope has also developed a useful sideline 
in X-ray and optical follow-up observations of 
supernovae. 

What Swift spotted1 was an X-ray outburst 
that lasted for some 10 minutes. Its energy 
content was around 1039 joules, about a hun-
dred-thousandth of the energy expelled in the 
explosive motions of a supernova. Continued 
observation of the position of the outburst 
showed the emergence of a spectrum and 
an evolution of emission intensity over time 
typical of a type-Ibc supernova, albeit with a 
slightly fainter peak luminosity than normal. 

The exploding object was also detected by 
NASA’s Chandra X-ray observatory 10 days 
after the X-ray outburst, as well as in a series 
of radio measurements between 3 and 70 days 
after. Similar observations characterize type-
Ibc supernovae, and are thought to relate to 
interaction of the expanding supernova with 
mass lost from its progenitor before the explo-
sion, which encircles the star as a surrounding 
‘wind’ (Fig. 1). The interaction generates shock 
waves that accelerate electrons to almost light 
speed. These electrons in turn emit radio-fre-
quency synchrotron radiation as their paths 
curve in the ambient magnetic field, and scat-
ter photons from the visible surface of the star, 
the photosphere, up to X-ray energies.

Taken together, these observations seem to 
add up to the identification of the X-ray out-
burst with the supernova — now designated 
SN 2008D — that followed. One caveat is that, 
although the energy of the outburst was close to 
predictions for the shock break-out of a type-
Ibc supernova2, its duration was much longer 
than expected. The length of the burst should 
be determined by the time light needs to cross 
the supernova progenitor, which is 10 seconds 
or less. The implication, therefore, is that the 
photosphere of the progenitor star extends  
farther than expected, perhaps because it has 
shed a large amount of material before the 
supernova occurs.

Within the star, the energy behind the shock 
wave emanating from the core’s collapse is 
dominated by radiation. Outside, it is domi-
nated by gas energy. Shock break-out occurs at 
the transition between these two modes, when 
the radiation behind the internal shock wave 
spreads out into the circumstellar medium 
and accelerates its gas. As the inner, already 
accelerated layers of gas catch up with outer, 
slower-moving layers, an external gas shock 
wave develops. Soderberg et al.1 suggest that 
the observed spectrum of the X-ray burst is 
determined by the shock acceleration of pho-
tons from the supernova photosphere. Detailed 
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