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SUMMARY

Prions are proteins that convert between structurally
and functionally distinct states, one or more of which
is transmissible. In yeast, this ability allows them to
act as non-Mendelian elements of phenotypic inher-
itance. To further our understanding of prion biology,
we conducted a bioinformatic proteome-wide survey
for prionogenic proteins in S. cerevisiae, followed by

experimental investigations of 100 prion candidates.
We found an unexpected amino acid bias in aggrega-
tion-prone candidates and discovered that 19 of
these could also form prions. At least one of these
prion proteins, Mot3, produces a bona fide prion in
its natural context that increases population-level
phenotypic heterogeneity. The self-perpetuating
states of these proteins present a vast source of heri-
table phenotypic variation that increases the adapt-
ability of yeast populations to diverse environments.

INTRODUCTION

The prion hypothesis posits that biological information can be
replicated solely through self-propagating conformations of
proteins. Though it was initially conceived to explain baffling
neurodegenerative diseases inmammals (Griffith, 1967; Prusiner,
1982), it has since grown to encompass a number of non-Mende-
lian traits in fungi (Ross et al., 2005b; Shorter and Lindquist, 2005;
Shkundina and Ter-Avanesyan, 2007). All known prions, except
for the initially discovered disease-causing prion PrP, are benign,
and in some cases can confer selectable advantages (Saupe
et al., 2000; True and Lindquist, 2000; True et al., 2004). The
self-templating property of prions makes them both conforma-
tionally and epigenetically dominant, and positions prion-forming
proteins as metastable cellular switches of protein function.

The realization that protein conformational switches could
provide a means for inheritance of phenotypes dates back
15 years (Wickner, 1994), yet only a few proteins with this
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capacity have been discovered (Shorter and Lindquist, 2005;
Du et al., 2008). Most of these have been found in the yeast
S. cerevisiae, with the [PS/+] element being the best understood.

[PSI+] is caused by an amyloid-like aggregated state of the
translation-termination factor Sup35p. In the prion state, the
majority of Sup35p molecules are inactive, resulting in increased
levels of nonsense suppression (Liebman and Sherman, 1979;
Patino et al., 1996) and programmed frameshifting (Namy
et al., 2008). This gives rise to RNA stability changes and func-
tionally altered polypeptides and consequently to phenotypes
that can be advantageous under diverse conditions (Eaglestone
etal., 1999; True et al., 2004). Remarkably, the ability of Sup35p
to switch into a prion conformation, and the regulation of that
switch by the protein remodeling factor Hsp104p, have been
conserved for over 800 million years of fungal evolution (Chernoff
et al., 2000; Zenthon et al., 2006).

Three other amyloid-based prions, formed by the functionally
diverse proteins Ure2p, Rnq1p, and Swi1p, have been described
in S. cerevisiae. Ure2p regulates nitrogen catabolism; its prion
state, [URE3), attenuates this activity resulting in the constitutive
utilization of poor nitrogen sources (Aigle and Lacroute, 1975;
Wickner, 1994). The Rnq1p protein in its prion state, [RNQ+]
(also called [PIN+]), enhances the inducibility of other prions
(Derkatch et al., 2000; Bradley et al., 2002). [SW/+], the most
recently discovered prion, is caused by an inactive state of the
chromatin remodeling factor Swi1p (Du et al., 2008). Intriguingly,
[SWi+] represents the first established link between chromatin-
based and prion-based epigenetics, although a biological rele-
vance of this connection remains to be elucidated. Indeed, for
all of these prion proteins, the putative functionality of their prion
forms is highly debated (Nakayashiki et al., 2005).

The conformational duality of amyloid-based prions resides in
structurally independent prion-forming domains (PrDs) (Edskes
et al., 1999; Li and Lindquist, 2000; Santoso et al., 2000; Sond-
heimer and Lindquist, 2000). These PrDs are modular and can
be transferred to other proteins to create novel prions (Li and
Lindquist, 2000). They have a very unusual amino acid composi-
tion: enriched for polar residues such as glutamine (Q) and aspar-
agine (N) and depleted of hydrophobic and charged residues.
This composition promotes a disordered molten-globule-like
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Ancient DNA studies have established that Neolithic European populations
were descended from Anatolian migrants who received a limited amount
of admixture from resident hunter-gatherers. Many open questions
remain, however, about the spatial and temporal dynamics of population
interactions and admixture during the Neolithic period. Here we
investigate the population dynamics of Neolithization across Europe using
a high-resolution genome-wide ancient DNA dataset with a total of 180
samples, of which 130 are newly reported here, from the Neolithic and
Chalcolithic periods of Hungary (6000—-2900 BC, n = 100), Germany (5500—-
3000 BC, n=42) and Spain (5500-2200 BC, n = 38). We find that genetic
diversity was shaped predominantly by local processes, with varied
sources and proportions of hunter-gatherer ancestry among the three
regions and through time. Admixture between groups with different
ancestry profiles was pervasive and resulted in observable population
transformation across almost all cultural transitions. Our results shed new
light on the ways in which gene flow reshaped European populations
throughout the Neolithic period and demonstrate the potential of time-
series-based sampling and modelling approaches to elucidate multiple

dimensions of historical population interactions.
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A light bridge is a prominent structure commonly observed within a sunspot. Its presence
usually triggers a wealth of dynamics in a sunspot and has a lasting impact on sunspot
evolution. However, the fundamental structure of light bridges is still not well understood.
In this study, we used the high-resolution spectropolarimetry data obtained by the Solar
Optical Telescope on board the Hinode satellite to analyze the magnetic and thermal
structure of a light bridge at AR 12838. We also combined the high-cadence 1700 angstrom
channel data provided by the Atmospheric Imaging Assembly on board the Solar Dynamics
Observatory to study the dynamics on this bridge. We found a pair of blue and red Doppler
shift patches at two ends of this bridge; this pattern appears to be the convective motion
directed by the horizontal component of the magnetic field aligned with the spine of the
bridge. Paired upward and downward motions imply that the light bridge could have a two-

legged or undulating magnetic field. Significant 4 minute oscillations in the emission
intensity of the 1700 angstrom bandpass were detected at two ends, which overlapped the
paired blue- and redshift patches. The oscillatory signals at the light bridge and the
penumbra were highly correlated with each other. Although they are separated in space at
the photosphere, the periodicity seems to have a common origin from underneath the
sunspot. Therefore, we infer that the light bridge and penumbra could share a common
magnetic source and become fragmented at the photosphere by magnetoconvection.
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Asymmetric domino electrophilic halocyclizations are highly useful in
the synthesis of structurally complex and pharmaceutically important
compounds. Although some studies aimed at catalytic and
enantioselective polyene cyclizations are documented, the chiral
products have been limited to fused rings. Here, we report an efficient
and highly enantio- and diastereoselective halocyclization and
spiroketalization of olefinic keto-acids. Instead of electron-deficient
thiourea, in this study electron-rich thiourea catalysts are crucial for
high enantioselectivity. The resulting spiro compounds are privileged
cores of many drugs and natural products. Our experimental and
computational studies revealed that the reaction proceeded via a
double dynamic—kinetic resolution mechanism. We anticipate that this
work will stimulate the synthesis of other multifunctional compounds
via electrophilic halocyclization.
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Asymmetric domino electrophilic halocyclizations are highly useful in
the synthesis of structurally complex and pharmaceutically important
compounds. Although some studies aimed at catalytic and
enantioselective polyene cyclizations are documented, the chiral
products have been limited to fused rings. Here, we report an efficient
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Asymmetric domino electrophilic halocyclizations are highly useful in
the synthesis of structurally complex and pharmaceutically important
compounds. Although some studies aimed at catalytic and
enantioselective polyene cyclizations are documented, the chiral
products have been limited to fused rings. Here, we report an efficient
and highly enantio- and diastereoselective halocyclization and
spiroketalization of olefinic keto-acids. Instead of electron-deficient

thiourea, in this study electron-rich thiourea catalysts are crucial for
high enantioselectivity. The resulting spiro compounds are privileged
cores of many drugs and natural products. Our experimental and
computational studies revealed that the reaction proceeded via a

double dynamic—kinetic resolution mechanism. We anticipate that this
work will stimulate the synthesis of other multifunctional compounds
via electrophilic halocyclization.
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