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It’s common wisdom that eating the right food, 
and not too much of it, is good for you. Dietary 
restriction — reduced food intake without 
malnutrition — indeed prolongs lifespan in 
organisms ranging from yeast, worms and flies 
to rodents, monkeys and possibly humans. 
But dietary restriction also has its costs: it 
often impairs fecundity, possibly because 
main tenance of the soma (the non-germline 
parts of an organism), and thus long life, are 
incompatible with the metabolic demands of 
reproduction in such circumstances. Biologists 
have long thought that an organism’s response 
to food shortage is an evolutionary device 
that allows individuals to survive a famine by 
diverting resources away from reproduction 
and re allocating them to essential functions 
for survival1,2. 

On page 1061 of this issue, Grandison et al.3 
report that this idea is almost certainly wrong. 
They find that dietary amino acids are respon-
sible for shortening lifespan and increasing 
reproduction in the fruitfly Drosophila mela-
nogaster, but that both longevity and fecun-
dity can be maximized when intake of these 
nutrients is finely tuned.

Great strides have recently been made in our 
understanding of dietary and caloric restric-
tion4–8. It has become clear that rich diets 
shorten life, not because of excess calories 
but rather because of dietary imbalance, with 
lifespan and fecundity being maximized at 
different nutritional optima5. Specific nutrients 
are implicated in dietary restriction, especially 
amino acids, the building blocks of proteins. 
For example, reducing the intake of casein, a 
major amino-acid source, extends lifespan 
but decreases fecundity in Drosophila6. Simi-
larly, methionine restriction promotes lon-
gevity in flies, rats and mice7,8. Although these 
studies suggest that amino-acid deficiency 
might account for the effects of dietary restric-
tion, Grandison et al.3 have gone several 
steps further. 

The authors have identified the specific 
nutrients that modulate lifespan and repro-
duction by manipulating all of the components 
of a defined diet. In a series of painstaking 
experiments, they fed female flies a restricted 
diet that extends lifespan at the expense of 

fecundity, and then tried to restore the short-
life and high-fecundity characteristics of fully 
fed flies by adding back specific nutrients. 
Adding carbohydrates, lipids or vitamins made 
no difference. But adding amino acids short-
ened lifespan and increased egg production 
to the level observed under full feeding. The 
question then was whether all amino acids 
were contributing equally to this astonishing 
effect. 

Amino acids can be divided into two types: 
non-essential (those that can be synthesized 
by an organism) and essential (those that 
must be supplied in the diet). Grandison et al.3 

found that adding all non-essential amino 
acids only marginally shortened lifespan and 
did not change fecundity, whereas adding all 
essential amino acids decreased lifespan and 
increased egg production as much as combin-
ing all amino acids or full feeding. The authors 
next manipulated each essential amino acid 
individually. Remarkably, methionine alone 
increased fecundity as much as full feeding 
but without reducing lifespan. In fact, no sin-
gle amino acid shortened lifespan to the fully 
fed state. Yet, adding all essential amino acids 
except methionine failed to reduce lifespan, 
suggesting that methionine together with 
one or several other essential amino acids is 
responsible for the lifespan-shortening effect 
of full feeding. This finding  is consistent with 
work showing that methionine restriction 
promotes fly longevity7.  

So how does methionine, either by itself or in 
combination with other amino acids, influence 
lifespan7,8? One possibility is that methionine 
restriction counters oxidative damage: dietary 
methionine deficiency increases the levels of 
the antioxidant glutathione in rats and protects 
mice from oxidative liver-cell injury8. Another 
explanation might be that methionine restric-
tion extends lifespan by reducing signalling 
through a major regulator of longevity in 
worms, flies and rodents2,4,7,8, the IIS — insulin/
insulin-like growth factor (IGF) — pathway. 
Indeed, methionine-deficient mice show low-
ered levels of IGF-1 and insulin8. This is par-
ticularly interesting in the light of Grandison 
and colleagues’ results: adding back essential 
amino acids to the diet decreased lifespan 
strongly in normal flies, but only slightly in 
mutant flies lacking the insulin-like recep-
tor that mediates IIS activity. Addition of 
methionine did not promote fecundity in 
these mutants. These results imply that the IIS 
pathway mediates key effects of amino acids on 
ageing and reproduction (Fig. 1). 

During development and growth, IIS is 
known to interact with ‘target of rapamycin’ 
(TOR) signalling, a nutrient-sensing pathway 
also implicated in dietary restriction4,9, and it 
is tempting to speculate that amino acids act 
through TOR to affect lifespan (Fig. 1). In 
line with this idea, a repressor protein, 4E-BP, 

Figure 1 | Signalling pathways possibly influenced 
by dietary amino acids in Drosophila. Grandison 
et al.3 show that the lifespan-increasing and 
fecundity-reducing effects of dietary restriction 
can be attributed to amino-acid limitation. 
During full feeding, amino acids tend to shorten 
lifespan and promote egg production. These 
effects seem to operate via insulin-like signalling, 
mediated by insulin-like peptides produced 
in the brain, as mutant flies lacking insulin 
receptors are protected against the lifespan 
shortening and loss of fecundity that usually 
accompany full feeding. During development 
and growth, insulin signalling interacts with 
the nutrient-sensing TOR pathway. Because 
TOR signalling has been implicated in dietary 
restriction4,9, insulin/TOR crosstalk could 
integrate the effects of dietary amino acids on 
lifespan and reproduction. Blue, fat body; green, 
digestive system; InR, insulin-like receptor; TOR, 
target of rapamycin. 
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Diet and longevity in the balance 
Thomas Flatt

Dietary restriction promotes longevity but impairs fecundity in many organisms. When the amino acids in 
a diet are fine-tuned, however, lifespan can be increased without loss of fecundity — at least in fruitflies.
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which lies downstream of TOR, is required 
for lifespan extension in flies when their diet 
is restricted9. Furthermore, dietary amino 
acids stimulate insulin secretion in the brain 
through a TOR-dependent mechanism in the 
Drosophila fat body, the equivalent of mamma-
lian liver and adipose tissue10. The connections 
between dietary amino acids, IIS and TOR 
clearly merit further investigation. 

The findings of Grandison et al.3 also have 
implications for understanding the trade-off 
between survival and reproduction. Although 
reproduction shortens lifespan in various 
organisms2,11, the mechanisms involved have 
remained elusive. The most widely accepted 
view is that when resources are invested in 
reproduction, they are unavailable for somatic 
maintenance and survival1. Alternatively, 
reproduction might inflict direct somatic dam-
age independent of nutrient allocation11. Both 
explanations, however, seem to be at odds with 
the observations of Grandison et al. because 
methionine alone can restore full fecundity to 
long-lived flies on an otherwise restricted diet. 
If the diet is correctly balanced, both fecundity 
and lifespan can be maximized, without any 
apparent trade-off between them. 

But are things really this simple? Probably 
not. Although dietary restriction can extend 
lifespan when flies or worms are sterilized2, 
it does not further improve the lifespan of 
long-lived worms lacking germ cells12. Diet-
ary restriction and reproduction might thus 
converge on the same mechanisms regulating 
lifespan12. That we don’t yet fully understand the 
intricate connections between diet, metabolism, 
reproduction and lifespan is underscored by 
the finding that ablation of germline cells 
extends lifespan by decreasing fat storage in 
the worm Caenorhabditis elegans13. Nonethe-
less, if the present results3 in the fly are gener-
ally applicable, even mammals might be able 
to enjoy a long life without loss of fecundity by 
virtue of a suitably balanced diet.  ■
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APPLIED PHYSICS

Bubbly but quiet
Edwin L. Thomas

An array of air bubbles in a rubber-like material can be made to block the 
transmission of sound. This finding might help in the design of soundproof 
walls for music rooms and urban apartments.

The past decade has witnessed growing 
interest in the fabrication of artificial materials 
that can interact with waves. Following on from 
successful efforts to microfabricate photonic 
crystals, thereby producing novel methods for 
controlling electromagnetic waves, research-
ers have started looking for more effective 
ways to control mechanical waves such as 
sound waves. When we listen to a symphony, 
we are detecting acoustic waves in our fre-
quency range of hearing (sonic waves) — from 
20 hertz to about 20 kilohertz (middle C has 
a frequency of 261 Hz). Higher frequencies, 
spanning 20 kHz to 1 gigahertz, are termed 
ultrasonic waves, and are commonly used for 
applications in medical imaging. At higher 
frequencies still, from about 1 GHz to the tera-
hertz regime, are hypersonic phonons, which 
carry heat. Writing in Applied Physics Letters, 
Leroy and colleagues1 describe a new material 
construct for damping the transmission of 
ultrasonic phonons.

A photonic (for light), or equivalently pho-
nonic (for sound), crystal is an artificially 
engineered material made of a regularly 
repeating arrangement of elements that 
allow impinging waves to undergo destruc-
tive interference: waves with frequencies that 
fall within a range known as the bandgap are 

prevented from propagating in the material. For 
destructive interference to occur, the period of 
the structure must be of the order of the wave-
length. This means that, to block sound for 
human hearing, the periods would be very 
large, and the overall structure quite unwieldy 
— metre-sized! In fact, sound attenuation has 
been serendipitously achieved on Eusebio 
Sempere’s phononic sculpture Órgano, which 
is on display in the garden of the Juan March 
Foundation in Madrid (Fig. 1). This structure 
has a bandgap at around 1.6 kHz, and is made 
of 3-centimetre-diameter metal rods arranged 
on a 10-cm-period lattice, fixed on a circular 
platform of 4 metres diameter2.

But there is another way to block sound: 
resonance. In 1933, Marcel Minnaert published3 
a paper in the Philosophical Magazine, called 
‘On musical air-bubbles and the sounds of 
running water’, in which he outlined the basic 
theory of the origin of the sound emitted by an 
air bubble formed in water. His key insight was 
that the bubble undergoes radial oscillation 
(a ‘breathing mode’) inside the surrounding 
fluid. Minnaert found that the resonant fre-
quency of the bubble (ω0) depends on the bulk 
modulus of the air (βair; a measure of a sub-
stance’s resistance to compression), the density 
of the water (ρwater) and the radius of the bubble 

Figure 1 | Not just a piece of art. Eusebio Sempere’s sculpture Órgano, on display at the Juan March 
Foundation in Madrid, is a fortuitous example of a phononic crystal2, a periodic arrangement of 
structures — in this case, metal tubes — that can block sound waves. 
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