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39 possible species. One wonders whether
some of the insect-related species were
described in the past, but traditional means
of classification erroneously interpreted
them as being identical to other known
species. This may be true for some of the
species in, for example, the P. guilliermondii
clade, and it will be necessary to sequence 
the ‘type’ (reference) strains of all species
considered to be synonyms.

Given the continuing development of
molecular tools for the rapid identification
of microbes, studies of yeast diversity in
habitats and regions previously unexplored,
or only scantily so, have become more feasi-
ble and will pay rich dividends.Large parts of
Africa, Antarctica, Asia, Australia and Latin
America are mainly virgin territory in this
respect8 — it could be that only 1% of yeast
species have been described9. This endeav-
our will not just be for the education of biol-
ogists concentrating on biodiversity, but will
also enhance our knowledge of ecological
interactions — as, for instance, is the case 
in research10 on xylose-fermenting yeasts in
beetle guts, which may be involved in the
breakdown of hemicellulose, a component
of plants, and thus contribute to the decom-
position of plant biomass. Moreover, some
as-yet-undiscovered species are likely to be
sources of useful compounds or as agents for
biological control.

As far as the work of Suh et al.1 is con-
cerned, extra relevance stems from the fact
that insects are also major vectors for the dis-
persal of yeasts, among them those involved

There is no doubt that many species of
fungi have yet to be described, yeast
species included. Many of them must

lurk in habitats and hosts that have still to be
investigated. But who would have thought 
to look in the guts of beetles? Suh and col-
leagues did so, as they report in Mycological
Research1, and have found a hotspot of yeast
diversity. About 1,000 yeast species are
known worldwide, to which Suh et al. add at
least 200 more, identified from a variety of
beetles sampled in the southeastern United
States and Panama. Many of the yeasts
belong to such familiar genera as Candida
and Pichia, some species of which are respec-
tively human pathogens and agents used for
the production of drugs.

Yeasts are among the best-studied groups
of microbes, but this research provides a 
dramatic indication of how limited our
knowledge is. Apart from their traditional
importance in wine, bread and beer making,
they are also used in many (agro)industrial
and medicinal applications, and as work-
horses in biological research. Suh and col-
leagues’studies on beetles show that efficient
sampling of poorly explored habitats or geo-
graphical areas can yield an extraordinary
extension to our knowledge of microbial
biodiversity.

Since 1820,about 3,000 yeast species have
been described (Fig. 1), many of which were
later considered to be identical to previ-
ously described species, and consequently
regarded as synonyms. Two recent mono-
graphs on yeasts accept only approximately
700 species2,3, but this figure has since risen
closer to 1,000. Our present knowledge is
heavily biased, however. The great majority
of known species come from Western
Europe, Japan and North America. Of the
strains maintained in the collection of
the Centraalbureau voor Schimmelcultures
(CBS), which is the result of a century of
work, 45% originated from clinical sources
or from products such as wine, fermented
foods, bread, fruit juices and dairy products,
with 55% from natural substrates — plants,
soil, fruits,animals and water4.Insect sources
accounted for only 6% of the isolates in the
CBS yeast collection. Clearly, this is only the
tip of a very large iceberg: Suh et al.1 consider
that further sampling of beetles alone 
could result in the identification of another
350–500 yeast species.

In recent times, most researchers inter-
ested in yeast biodiversity have made effective

use of DNA-based taxonomic concepts5.
Since the 1990s, a huge effort has been made
with all accepted yeast species to sequence
the specific regions of DNA that encode a 
cell component known as ribosomal RNA —
these are standard sequences in systematics.
The result is that comprehensive rDNA data-
bases now exist for yeasts6,7. These molecular
studies have produced an unparallelled
increase in the number of yeast species
described in the years 2000–05 (Fig. 1), even
before we had news of the high biodiversity
observed in beetle guts.

That news adds an extra dimension to 
our appreciation of yeast ecology. Suh et al.
found that some clades of yeasts contain
many insect-related species (a clade being a
grouping consisting of an ancestor and all its
descendants). Examples are the Pichia guil-
liermondii, P. stipitis, Candida tanzawaensis
and Stephanoascus–Arxula–Zygoascus clades
in the fungal phylum Ascomycota, and 
the Trichosporon clade within the phylum
Basidiomycota. The C. tanzawaensis clade
has expanded from a single strain of just one
known species to 164 isolates representing 
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Gut feeling for yeasts
Teun Boekhout

The startling news that has emerged from studies of the intestines of
beetles is a reminder of how little is known about the diversity of even
such comparatively well-characterized groups as the yeasts. 

Figure 1 Yeast on the rise — the cumulative increase in yeast species described since 1820 (the total
includes synonyms). Since 2000, application of DNA-based methods has produced a rapid increase 
in the yeast species recognized; the last time span covers only five years rather than ten, and includes
the new identifications from the hyperdiverse guts of beetles. Blips in the increase in descriptions
occurred during the Second World War and at the end of the twentieth century. Inset, beetles 
of the genus Mycotretus, family Erotylidae, one of the taxonomic groups of beetle sampled 
by Suh and colleagues1.
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in fermentation and food spoilage. So a 
better understanding of yeast biodiversity in
insects should help in controlling these
processes.All in all, the new observations are
a clear signpost to a highly promising route
in the quest to identify hidden microbial 
biodiversity. ■
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The behaviour of electrons is difficult to
predict.Undergraduates routinely cal-
culate the quantum states of a hydro-

gen atom, but even a helium atom with two
electrons displays complex dynamics. How
much more complex are solids, with elec-
trons in the billions. Nanotechnology now
enables researchers to create controlled, or

tunable, models of electronic behaviour in
solids. On page 484 of this issue, Jarillo-
Herrero et al.1 present perhaps the most
sophisticated example of this approach to
date, studying the flow of electrons through 
a carbon nanotube that is made to act like an
exotic magnetic atom.

In attempting to explain the electronic
properties of materials, theorists often 
construct ‘microscopic’ models, comprising
electrons that can move freely (become 
delocalized), sit on localized sites and make
transitions between these states.Such models
offer powerful insights but also have draw-
backs when applied to conventional bulk
materials. In particular, electrons on many
sites can interact with each other, making
complete calculations impractical; and para-
meters such as an electron’s tunnelling rate
and interaction strength are not tunable,and
can be difficult to measure precisely. Nano-
technology can remedy these limitations:
by building submicrometre-sized structures
in which one or a few electrons are isola-
ted, researchers can know everything about 
the relevant electronic states, and can study
electrons at a single site. Perhaps most im-
portantly, nearly all of the significant para-
meters can be designed, measured and often
tuned in situ.

The interaction of mobile electrons with
magnetic impurities — atoms or ions with a
non-zero magnetic moment — in a host
metal has been a theme in solid-state physics
for decades. In 1961, Anderson proposed
that a magnetic impurity could be modelled
as an electronic quantum state localized at a
single site within a crystal. According to the
Pauli exclusion principle, the site can be
occupied by up to two electrons (with oppo-
site spins),but Coulomb repulsion can make
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New spin on correlated electrons 
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In the Kondo effect, the flow of electrons in a solid is modulated by
magnetic impurities. Nanostructures such as carbon nanotubes can be
designed to obtain even more complex versions of this intriguing effect. 
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Figure 1 Degeneracy and the Kondo effect. The
basis of the Kondo effect is the screening of a
localized twofold degeneracy by surrounding
delocalized electrons. The degeneracy normally
comes from spin, but with the advent of
nanotechnology, researchers can create and study
other types of degeneracy; a–c give examples.
a, An electron can reside on either of two sites,
but not both simultaneously because of Coulomb
repulsion8. b, c, A spatial symmetry produces
degenerate orbital levels11. b, The symmetry is 
the rotational symmetry of a circular quantum
dot9. This is analogous to the rotational
symmetry of a hydrogen atom that produces
degenerate p orbitals. c, The lattice symmetry 
of a nanotube gives rise to a twofold orbital
degeneracy1. Non-spin degeneracy may also 
give rise to the Kondo effect in bulk systems14.
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100 YEARS AGO
Die Kalahari. Now if we could imagine that
Mr. Shandy the elder were alive, this is a
book that, like many another of its class,
would have delighted him. Hereby he could
have proved triumphantly to Yorick the
potency of that great scheme of education
— that “north-west passage to the
intellectual world” — which he propounded
so enthusiastically upon a memorable
occasion. His scheme, it will be remembered,
was that upon every substantive in the
dictionary (so gravely misunderstood by 
the Corporal and Uncle Toby) should be
brought to bear exhaustively:— “Every
word, Yorick, by this means, you see, is
converted into a thesis or an hypothesis:—
every thesis and hypothesis have an
offspring of propositions;— and each
proposition has its own consequences and
conclusions; every one of which leads the
mind on again, into fresh tracts of enquiries
and doubtings.— ‘The force of this engine,’
added my father, ‘is incredible…’ ”
From Nature 23 March 1905.

50 YEARS AGO
Dr. J. R. Oppenheimer’s address was
ostensibly on… “Man’s Right to Knowledge
and the Free Use Thereof”; but he dealt more
specifically with the prospect in the arts and
sciences, and above all he emphasized the
isolation of the specialist from the broad
path of human knowledge and intercourse.
With more means of communication than
ever before, we can speak to each other 
less easily and less effectively. While more
people are engaged in scientific research 
to-day... the frontiers of science are now
separated by long years of study, by
specialized vocabularies, arts, techniques
and knowledge from the common heritage
even of the most civilized society… The
difficulties which face us are thus derived
from the growth of skill, of power, and of 
our understanding of that world, if not of 
the conditions which govern their exercise.
To assail such changes is futile: we need to
recognize them and to take account of our
resources; nor does Dr. Oppenheimer appear
to put high among such resources the mass
media of radio and television, the cinema,
best-seller or the world tours of successful
theatrical productions. Although art and
science may be purveyed by such means,
they have also an inhumanizing influence
and can easily destroy the individual sense
of beauty.
From Nature 26 March 1955.
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