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The weighty costs of
non-caloric sweeteners
Analyses in mice and humans indicate that non-caloric artificial sweeteners may
promote obesity-associated metabolic changes by changing the function of the
bacteria that colonize the gut. See Article p.181
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I

n many parts of the world, obesity is becoming increasingly prevalent. Weight control
is important for reducing the risk of metabolic diseases such as type 2 diabetes, which
is characterized by high blood-glucose levels
and insulin resistance. Limiting calorie intake
and replacing dietary fat and sugar with low- or
non-caloric alternatives is a common weightloss strategy1. Non-caloric artificial sweeteners (NAS) are often chosen to combat weight
problems, because they do not contribute to
overall calorie intake and are thought to subvert the rise in blood-glucose levels that occurs
in response to food intake1. For unknown reasons, however, NAS are not always effective for
weight loss. In this issue, Suez et al.2 (page 181)
describe an unexpected effect of NAS that may
shed some light on this issue.
Suez and colleagues added an NAS supplement (saccharin, sucralose or aspartame) to
the diets of mice, and found that the sweeteners altered the animals’ metabolism, raising
blood glucose to significantly higher levels than
those of sugar-consuming mice. This was true
both for mice fed a normal diet and for those
on a high-fat diet — a model for a situation
in which NAS supplements might be used to
control weight. Because variations in diet have
been shown to directly lead to changes in the
populations of bacteria that occupy the gut, the
authors examined whether these bacteria were
responsible for the metabolic changes that they
observed. And, indeed, when they used anti
biotics to deplete the gut bacteria, they found
that this eliminated NAS-induced glucose
intolerance in mice fed either diet.
Next, the researchers transplanted faeces
from NAS-fed or glucose-fed mice into germfree mice (those with no gut bacteria of their
own) that had never consumed NAS. Transfer
from NAS-fed mice induced elevated bloodglucose levels in the transplant recipients. Furthermore, the composition of the recipients’

gut bacterial community was different from
that of mice receiving transplants from
glucose-fed mice, suggesting that changes in
this gut microbiota mediate glucose intolerance in NAS-fed mice. Genetic analysis
revealed that this altered composition was
accompanied by changes in bacterial function.
In particular, Suez and co-workers detected
an increase in carbohydrate-degradation
pathways in the microbiota of NAS-fed mice.
This connection parallels a previous report2
that the microbiota of obese mice has a higher
carbohydrate-metabolizing capacity than the
microbiota of normal-weight mice.
What is the relevance of these results for
human disease? Suez et al. studied around
400 people, and found that bacterial populations in the guts of those who consumed NAS
were significantly different from those who did
not. Moreover, NAS consumption correlated
with disease markers linked to obesity, such
as elevated fasting blood-glucose levels and
impaired glucose tolerance.
The authors placed seven volunteers who did
not normally consume NAS on a seven-day regimen of controlled
high NAS intake.
Bacterial
After only four days,
populations in
the guts of people half the individuals
had elevated bloodwho consumed
glucose levels and
sweeteners were
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community comdifferent from
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populations of
the results seen in
those who did not. the mice. Transfer of
faeces from NAS-fed
human donors induced elevated blood-glucose
levels in germ-free mouse recipients that had
never consumed NAS. Taken together, Suez and
colleagues’ data indicate that NAS consumption
may contribute to, rather than alleviate, obesityrelated metabolic conditions, by altering the
composition and function of bacterial populations in the gut.
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Studies examining genetic 3,4 and dietinduced 5 mouse models of obesity and
obesity in humans6,7 have demonstrated that
the disease is associated with changes in the
composition of the gut microbiota. Most bacteria colonizing the gut come from two phyla,
Bacteroidetes and Firmicutes. Obese mice and
humans both have reduced bacterial diversity,
with reduced proportions of Bacteroidetes
and increased Firmicutes, when compared to
lean littermates or twin controls4–7. Obesityinduced changes in the microbiota can be
reversed by diet — obese mice or humans on
fat- or carbohydrate-restricted diets have an
increased abundance of Bacteroidetes5,6.
It is difficult to directly compare Suez and
colleagues’ findings with earlier work, because
the current report describes changes in a mix
of bacteria (including Bacteroidetes and
Firmicutes) after NAS treatment. Certain
gut bacteria are well adapted to break down
dietary components that the human body cannot. It could be that expansion of these populations in response to NAS increases extraction
of energy — often stored as fat — from the diet,
contributing to obesity2. Alternatively, NAS
might exert their effect by suppressing the
growth of particular bacterial taxa. In obese
mice, the growth of certain bacterial species is
suppressed, and there is an increased production of metabolites that can contribute to insulin resistance8. These two possibilities cannot
be distinguished in the current report.
Bacterial communities in the gut have
been linked to elevated lipid production, and
increased storage of lipids and the carbo
hydrate glycogen 9,10, correlating with an
increase in adiposity and in cellular energy
extraction from food. Furthermore, obesityinduced alterations to the composition of
gut microbiota are associated with metabolic
changes2,8, including enrichment of pathways
related to bacterial growth. This suggests that
obesity maintains alterations to the microbiota,
allowing for the continued increase in production and storage of lipids and glycogen, further
exacerbating the condition. Future work must
determine whether the changes in the microbiota brought about by NAS consumption
activate any of the same molecular pathways
as are active in the obese microbiota.
Type 2 diabetes and impaired glucose
tolerance have also been linked to alterations in
gut microbiota composition11,12. Analysis of gut
bacterial genomes shows that microbial-gene
signatures differ between patients with and
without diabetes, and people with impaired
glucose tolerance11,12. Whether the bacterial
populations or metabolic pathways altered
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by the consumption of NAS are similar to
those described in people with or developing
diabetes remains to be seen.
Many diseases associated with Western
lifestyles have now been linked to environmentally induced alterations in the composition of
the gut microbiota13. Questions remain regarding the precise mechanisms by which NAS disrupt the relationship between gut bacteria and
their host. Studies to identify specific bacterial
populations that promote resistance to weight
gain or improve glucose tolerance may prove

useful for devising therapies that modulate
bacteria or their metabolites. ■
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Good vibrations
A newly constructed electron-energy monochromator for an atomic-resolution
transmission electron microscope has resolved spectroscopic signatures of
chemical-bond vibrations that are spatially highly localized. See Letter p.209

I

t is extremely rare for developments in
instrumentation to deliver an order of
magnitude improvement in resolution
or sensitivity for a particular analytical technique, while maintaining existing performance
in other areas. A study by Krivanek et al.1 on
page 209 of this issue, which focuses on highenergy-resolution electron-energy-loss spectroscopy (EELS) in a scanning transmission
electron microscope (STEM), achieves just
that. The results promise a new territory for
experimental investigation of both fundamental physics and the structure of advanced
materials at the atomic scale.
The work is a true collaboration between a
small manufacturer of electron microscopes
and several academics, including teams from
two US universities that have recently installed
this STEM/EELS instrumentation. It represents a good example of a research community
working together to drive forward a particular
technique. The paper describes the practical
implementation of a design2,3 for an electron
monochromator — a device that produces
an electron beam that has a narrow electronenergy distribution. The electron monochromator acts on the high-energy electron beam
of a STEM, which is corrected for aberrations
in the lens that focuses the electron beam into
a small probe of atomic dimensions4.
In a STEM, a high-energy electron probe
is transmitted through a thin specimen,
undergoing energy losses as a result of scattering from atoms in the sample. The probe
is scanned over the specimen to form images
of it as a function of probe position. If an
electron spectrometer is added to a STEM, a
spectrum of the transmitted electron intensity versus energy loss — the EELS data — is

also obtained. Krivanek and colleagues show
that, with the inclusion of appropriate energystabilization schemes, the monochromator design that they have implemented can
achieve an electron-energy resolution for
EELS in a STEM of around 10 millielectronvolts (Fig. 1), while retaining a sufficiently
small probe diameter with enough electron current to maintain atomic-resolution
imaging and analysis.

This article was published online on 17 September 2014.

With an atomic-sized probe, STEM imaging
using electrons scattered from atomic nuclei
through high angles can already generate
directly interpretable maps of the projected
atomic structure of thin crystalline samples.
In most materials, however, these images
tend to be dominated by scattering from the
heavier elements in the samples, making precise location of light elements difficult. EELS
is an established technique in the STEM for
studying electronic excitations in thin samples
that are induced by the high-energy electron
beam5. Such spectra can already provide maps
of the distribution in elemental composition
and chemical bonding at atomic resolution in
two and, more recently, three dimensions.
The electron-energy resolution for EELS
demonstrated by Krivanek et al. now enables
the identification of energy losses associated
with lattice vibrations in solids, in particular
those related to longitudinal optical phonons6.
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Figure 1 | Spatially resolved vibrational spectroscopy. In a scanning transmission electron microscope
corrected for aberration effects, a beam of high-energy electrons is focused onto a thin sample, forming
a probe of atomic dimensions. The electron beam transmitted through the sample, which in this case
comprises different types of atom and bond length, contains electrons that have experienced energy
losses owing to scattering events with atoms in the sample. These electrons can be dispersed in terms of
their energy using a magnetic prism spectrometer (not shown), enabling a spectrum of scattered electron
intensity versus energy loss to be obtained. Krivanek et al.1 show that, if the incident electron beam goes
through an energy monochromator (not shown), then the energy spread associated with a beam that
undergoes zero energy loss can be improved from 250 millielectronvolts to 9 meV. This improvement
allows the detection of spectroscopic signatures of spatially localized chemical-bond vibrations
(phonons). The intensity scale of the phonon signal is magnified by a factor of 300 to show the phonon
peak (blue arrow). (Plot adapted from ref. 1.)
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