
Unwanted, damaged or misfolded proteins 
inside cells are tagged with a chain of ubiquitin 
molecules. This tagging serves as a signal for 
destruction by the 26S proteasome, a com-
plex of enzymes that breaks proteins down for 
clearance1 (Fig. 1a). On page 285, Koyuncu et 
al.2 show that, in the ageing nematode worm 
Caenorhabditis elegans, some proteins escape 
the clean-up by the ubiquitin–proteosomal 
system, and that reducing the accumulation 
of such proteins can extend lifespan.

Koyuncu et al. measured the levels of differ-
ent proteins in the cells of worms at different 
ages using mass spectrometry. Ubiquitinated 
proteins were quantified by purifying them 
using antibodies that could recognize signs of 
previous ubiquitination on fragments of the 
proteins digested by the enzyme trypsin. Old 
worms showed a general reduction in ubiquit-
ination compared with their younger counter-
parts. Lifespan can be extended in worms by 
specific dietary manipulations3, or by genetic 
modifications that reduce intracellular sig-
nalling along the insulin/IGF-1-like pathway4. 
The authors found that, in worms that were 
long-lived — owing to dietary restriction or 
reduced insulin/IGF-1 signalling — ubiquit-
ination either did not change substantially 
with ageing or was increased, hinting at a link 
between protein ubiquitination and longevity. 

The authors determined that the reduc-
tion in protein ubiquitination with age is not 
caused by dwindling expression of ubiquitin 
or changes in the rate of ubiquitin turnover. 
Rather, it is probably caused by the increased 
activity of deubiquitinases (DUBs) — enzymes 
that detach ubiquitin from proteins. In line 
with this idea, treating old worms with the 
broad-spectrum DUB-inhibiting drug PR-619 
increased ubiquitination to a level similar to 
that seen in young worms.

Although there seems to be no straight-
forward correlation between protein abun-
dance and the level of ubiquitination, the 
authors found that a considerable fraction 
of proteins that were less ubiquitinated 
accumulated in the old worms. The cellu-
lar accumulation of such proteins might 
be responsible for age-related decline in 
cell function (Fig. 1b). Six of these proteins 

also accumulated in young worms that were 
genetically engineered to have proteasomal 
dysfunction, and the proteins were ubiquiti-
nated in a way that identifies them as genuine 
proteasomal targets. The authors found that 
artificially reduced expression (knockdown) 
of the genes encoding these proteins in adult 
worms prevented accumulation of the pro-
teins and, in half of these cases, extended the 
worms’ lifespan. Knockdown of the genes 
ifb-2 and eps-8 had the strongest effect, and 
so these two genes deserved closer scrutiny.

The ifb-2 gene encodes a protein compo-
nent of a network of fibres that contribute to 
the structural ‘skeleton’ of intestinal cells, and 
that are necessary for the function and integ-
rity of these cells. In aged worms, Koyuncu 
et  al. observed IFB-2 protein aggregates 
throughout the intestinal cell. Knockdown of 
ifb-2 during adulthood prevented this aggre-
gation and the age-related decline in intesti-
nal integrity (Fig. 1b), which was assessed by 
measuring bacterial invasion of the intestine 
in later life. 

The eps-8 gene is an activator of the 
RAC intracellular signalling pathway, and 
EPS-8 protein and RAC signalling affect the 
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An analysis in ageing nematode worms reveals reductions 
in the tagging of certain proteins for clearance. This can 
lead to the accumulation of unnecessary proteins, in turn 
impairing cellular and tissue function. See p.285
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Figure 1 | Dysfunction of protein clearance in old worms leads to decline of tissue function. 
a, Unwanted proteins are reversibly tagged with ubiquitin molecules (Ub), which signal that the protein 
is ready for clearance by the proteasome, a complex of proteins that breaks down proteins. Ubiquitin 
molecules are removed by deubiquitinase (DUB) enzymes. b, Koyuncu et al.2 assessed ubiquitination in 
Caenorhabditis elegans worms as the worms aged. Ubiquitination of most proteins decreased with age, in 
part owing to increased activity of DUB enzymes. Some proteins that are normally targets of the proteasome 
accumulated with age, and the lifespan of C. elegans was extended when expression of these proteins 
was decreased during adulthood (not shown). Such proteins include IFB-2 and EPS-8. With ageing, IFB-2 
aggregation resulted in a loss of intestinal integrity, and reduction of EPS-8 ubiquitination led to disruption 
of the actin proteins that make up the cell ‘skeleton’ in the muscles of the body wall and a reduction in the 
worm’s motility.
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dynamics of actin — a structural protein of 
the cell skeleton. Knockdown of eps-8 in adult 
worms prevented the destabilization of actin 
networks in muscles of the body wall and the 
concomitant decrease in motility in old worms 
(Fig. 1b). When eps-8 expression was reduced 
specifically in the muscles or neuronal cells 
of adult worms, the worms lived longer than 
normal. Concordantly, knockdown in adult-
hood of mig-2, one of the three C. elegans 
genes that encode RAC-like proteins, also 
extended lifespan. 

In summary, Koyuncu et al. successfully link 
the age-related decrease in ubiquitination 
and subsequent increase in the abundance 
of two proteins, IFB-2 and EPS-8, to the loss of 
intestinal and muscular integrity — both prob-
lems well known to be associated with age in 
C. elegans5,6. A key feature of this study is that 
it bridges the gap between molecular changes 
that occur with ageing and their effects on 
tissue function and lifespan in the worm.

This work opens up several new research 
opportunities, yet also leaves open intrigu-
ing questions. One such question concerns 
the potential for leveraging these findings to 
explore ways of extending lifespan. Koyuncu 
et al. showed that knocking down individual 
genes that express proteins that tend to accu-
mulate and aggregate with age can extend 
lifespan by a maximum of 21%. Given that 
these genes probably act independently in 
different tissues, reducing the expression of 
a combination of different genes in different 
tissues might result in a much stronger effect 
on long evity. This strategy should not neces-
sarily be limited to the targets identified in 
this study. 

Treatment of old worms with the DUB inhib-
itor PR-619 generally returned ubiquitination 
in old worms to levels seen in younger worms, 
possibly by preventing or delaying age-related 
accumulation of protein aggregates in mul-
tiple tissues simultaneously. However, given 
its broad activity, PR-619 might also interfere 
with crucial deubiquitination and therefore 
disturb cellular homeostasis in a way that is 
not compatible with longevity. 

Another remaining pertinent question 
is, what causes the increase in DUB activity 
in old animals? The culprit could be sus-
tained insulin/IGF-1 activity in the worms, 
because the authors found that its reduc-
tion was sufficient to prevent upregulation 
of all age-dysregulated DUBs. Moreover, 
insulin/IGF-1 activity has been proposed to 
promote senescence and age-related tissue 
deterioration in C. elegans, thus causing older 
individuals to die, while increasing fitness of 
the species at the colony level7. Hence, the 
increase in DUB activity with age might be one 
of the mechanisms by which the insulin/IGF-1 
signalling pathway controls lifespan.

The increased ubiquitination of proteins 
in aged worms with reduced insulin/IGF-1 

signalling compared with wild-type aged 
worms is consistent with previous work show-
ing that, in the mutant worms, deubiquitin-
ation is actively repressed and proteasome 
activity is increased8. Previous work also 
showed that the longevity of these animals 
is, in part, supported by an increase in ubiq-
uitination9.

From a broader perspective, Koyuncu and 
co-workers’ findings elegantly support the 
antagonistic-pleiotropy hypothesis10 — an 
evolutionary explanation for why ageing is 
adaptive and therefore occurs. This hypoth-
esis posits that genes that are beneficial for 
development or reproduction, but are detri-
mental later in life, will be selected for during 
evolution. The study identifies two excellent 
examples of such genes — ifb-2 and eps-8.

A final and major question is whether or not 
the age-associated deubiquitination that trig-
gers late-life protein accumulation and aggre-
gation in worms is also seen in more-complex 
animals. In rats, protein ubiquitination seems 
to increase, rather than decrease, with age11–13, 
suggesting that the dynamics of ubiquitin-
ation in worms are different from those in 
mammals. The distinctive ubiquitination 
pattern observed in C. elegans might relate 
to its peculiar ‘boom-and-bust’ life history 
that favours both a programmed early col-
lapse of the regulation of protein levels14 and 
ageing7. However, it is still possible that pro-
teins for which proteasomal clearance is dys-
regulated with ageing have an important role 

in the development of age-related mammalian 
disorders that involve protein aggregation, 
such as Parkinson’s disease and Alzheimer’s 
disease15. Therefore, understanding how the 
ubiquitination dynamics for different pro-
teins change  in different species with ageing 
could provide insight into potential strategies 
for treating such disorders.
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The protein mTOR is a type of enzyme called 
a kinase, and it functions in two distinct 
complexes, termed mTORC1 and mTORC2. 
mTORC1 boosts cell growth and prolifera-
tion in response to nutrient availability and 
hormone-dependent signals that promote 
cell division. On page 281, Chen et al.1 provide 
insights into how mTORC1 is regulated by a 
specific amino acid — leucine.

mTORC1 carries out its role by regulating 
certain anabolic (synthetic) and catabolic 
(degradative) processes. These involve 
protein synthesis; production of the 

protein-synthesis machinery in the form of 
ribosomes; lipid synthesis; and autophagy, a 
degradation process mediated by organelles 
called lysosomes2. mTORC1 deficiency has 
been implicated in various human disorders, 
including cancer, neuro degeneration, meta-
bolic diseases and muscle atrophy, as well as 
being linked to changes involved in the ageing 
process3. Yet despite its major physiological 
and clinical significance, how mTORC1 sig-
nalling is influenced by upstream regulatory 
factors is not fully understood. 

The amino acid leucine is a potent 
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Cells can tailor their growth to current conditions by sensing 
nutrients. The protein complex mTORC1 enables cell growth to 
be coordinated with the level of certain amino acids, and how it 
senses the amino acid leucine has now become clearer.  See p.281
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