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Vibrational coherence transfer in the ultrafast
intersystem crossing of a diplatinum
complex in solution
Roberto Monni, Gloria Capano, Gerald Auböck, Harry B.
Gray, Antonín Vl�cek, Ivano Tavernelli, and Majed Chergui

The observation of vibrational wave packets allows
tracking the pathways of energy relaxation in non-
adiabatic surface crossing events of (bio)molecular
systems, such as conical intersections or charge transfer
processes. Here, we identify transfer of vibrational co-
herence in the course of conversion between elec-
tronic excited states of different spin in a diplatinum
complex in solution, as an example. Retention of co-
herence is due to the fact that the conversion rate is
dramatically accelerated in an acetonitrile solvent due
to the strong solvation of higher-lying electronic states
that then provide the channel for the coherent pop-
ulation flow from the singlet to the triplet state. These
results highlight the role of the environment in con-
trolling the pathways of energy flow and conversion.
(See pp. E6396–E6403.)

Kinetically guided radical-based synthesis of
C(sp3)−C(sp3) linkages on DNA
Jie Wang, Helena Lundberg, Shota Asai, Pedro
Martín-Acosta, Jason S. Chen, Stephen Brown, William
Farrell, Russell G. Dushin, Christopher J. O’Donnell,
Anokha S. Ratnayake, Paul Richardson, Zhiqing Liu,
Tian Qin, Donna G. Blackmond, and Phil S. Baran

Combinatorial synthesis via DNA encoded library
(DEL) has evolved as a technology of great impor-
tance in drug discovery. However, the idiosyncratic
aqueous, dilute, DNA-sensitive parameters and in-
finitesimal scale of this system present new challenges
for traditional organic reactions. A detailed protocol
aiding the transition from organic reactions to re-
actions with DNA-bound molecules was developed
using a tactical combination of kinetic analysis and
reaction screening. As an example, the venerable
Giese addition was applied to forge high-value C−C
bonds, including all-carbon quaternary centers, on
DNA, representing the first radical-based synthesis in
DEL that expands the traditional toolbox beyond
pericyclic, carbonyl-based, and two-electron cross-
couplings. (See pp. E6404–E6410.)

Learning atoms for materials discovery
Quan Zhou, Peizhe Tang, Shenxiu Liu, Jinbo Pan, Qimin Yan,
and Shou-Cheng Zhang

Motivated by the recent achievements of artificial
intelligence (AI) in linguistics, we design AI to learn

properties of atoms from materials data on its own.
Our work realizes knowledge representation of atoms
via computers and could serve as a foundational step
toward materials discovery and design fully based on
machine learning. (See pp. E6411–E6417.)

Developmental prosopagnosics have widespread
selectivity reductions across category-selective
visual cortex
Guo Jiahui, Hua Yang, and Bradley Duchaine

People with developmental prosopagnosia (DP) have
extremely poor face recognition and even have
problems recognizing the faces of family and close
friends. We carried out a comprehensive investigation
of the neural basis of DP by comparing brain re-
sponses to multiple visual categories in DPs and
people with normal face processing. The DPs showed
widespread abnormalities in areas specialized for face
processing and areas that respond preferentially to
scenes and bodies. The abnormalities in scene and
body areas indicate cortical problems in many DPs
extend beyond face areas and open the door to in-
vestigations of developmental disorders impacting
recognition of categories other than faces. (See pp.
E6418–E6427.)

Unusual duplication mutation in a surface loop
of human transthyretin leads to an aggressive
drug-resistant amyloid disease
Elena S. Klimtchuk, Tatiana Prokaeva, Nicholas M. Frame,
Hassan A. Abdullahi, Brian Spencer, Surendra Dasari,
Haili Cui, John L. Berk, Paul J. Kurtin, Lawreen H.
Connors, and Olga Gursky

We identified a one-of-a-kind duplication mutation in
human transthyretin (TTR) that causes unusually ag-
gressive systemic amyloidosis. To understand the poor
response to treatment with a drug that stabilizes the
TTR tetramer, we explored the structure, stability, and
drug binding of recombinant proteins. The results
suggested that amyloid formation could stem from
global destabilization of the monomeric and tetrameric
protein as well as the local disordering near the muta-
tion site. This disordering induced proteolysis with re-
lease of aggregation-prone fragments. Alternatively,
local disordering could trigger misfolding of the full-
length protein by exposing an adhesive segment. Drug
binding at a dimer interface distant from the mutation
site did not significantly influence these patholog-
ical processes, indicating the need for alternative
therapeutic targets. (See pp. E6428–E6436.)
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Gene expression distribution deconvolution in single-cell
RNA sequencing
Jingshu Wang, Mo Huang, Eduardo Torre, Hannah Dueck, Sydney Shaffer,
John Murray, Arjun Raj, Mingyao Li, and Nancy R. Zhang

We developed deconvolution of single-cell expression distribution
(DESCEND), a method to recover cross-cell distribution of the true
gene expression level from observed counts in single-cell RNA
sequencing, allowing adjustment of known confounding cell-
level factors. With the recovered distribution, DESCEND
provides reliable estimates of distribution-based measure-
ments, such as the dispersion of true gene expression and the
probability that true gene expression is positive. This is im-
portant, as with better estimates of these measurements,
DESCEND clarifies and improves many downstream analyses
including finding differentially expressed genes, identifying
cell types, and selecting differentiation markers. Another
contribution is that we verified using nine public datasets a
simple “Poisson-alpha” noise model for the technical noise of
unique molecular identifier-based single-cell RNA-sequenc-
ing data, clarifying the current intense debate on this issue.
(See pp. E6437–E6446.)

Reversible inhibition of the ClpP protease via an
N-terminal conformational switch
Siavash Vahidi, Zev A. Ripstein, Massimiliano Bonomi, Tairan Yuwen, Mark F.
Mabanglo, Jordan B. Juravsky, Kamran Rizzolo, Algirdas Velyvis, Walid A.
Houry, Michele Vendruscolo, John L. Rubinstein, and Lewis E. Kay

ClpP is a protease that degrades damaged or misfolded proteins.
Consistent with its critical role in maintaining cellular homeosta-
sis, inhibiting and dysregulating ClpP function has shown promise
in fighting antibiotic resistance and in targeting cancer cells in
acute myeloid leukemia. Here we identify a conformational
switch in ClpP that, upon mutagenesis, leads to a catalytically
inactive structure that can be reactivated through the binding
of small-molecule activators. This functional hotspot therefore
represents a drug target for allosteric inhibition of ClpP. The
combination of methyl–transverse relaxation-optimized spec-
troscopy (TROSY) NMR, cryo-EM, and molecular simulation
methods employed here provides a detailed characterization
of ClpP along with the promise of crucial insights into the
structure–function relationship of molecular machines in general.
(See pp. E6447–E6456.)

Structural basis for recognition of human 7SK long
noncoding RNA by the La-related protein Larp7
Catherine D. Eichhorn, Yuan Yang, Lucas Repeta, and Juli Feigon

The 7SK ribonucleoprotein (RNP) complex regulates the activity
of the kinase positive transcription elongation factor b (P-TEFb),
an essential activator of RNA Polymerase II transcription. The
human La-related protein group 7 (hLarp7) protein is an es-
sential and constitutively assembled component of the 7SK
RNP and is required for 7SK RNA stability and P-TEFb re-
cruitment. We report the structure of the hLarp7 C-terminal
RNA recognition motif bound to the 7SK stem-loop 4, re-
vealing a unique binding interface. From this and other avail-
able structures, we generate a structural model of hLarp7
bound to the 7SK 3′ end. This work provides seminal insights
into the unique recognition of 7SK RNA by hLarp7 and a
working model for how hLarp7 assembles with 7SK to form the
7SK RNP. (See pp. E6457–E6466.)

Targeting β1-integrin inhibits vascular leakage
in endotoxemia
Laura Hakanpaa, Elina A. Kiss, Guillaume Jacquemet, Ilkka Miinalainen,
Martina Lerche, Camilo Guzmán, Eero Mervaala, Lauri Eklund,
Johanna Ivaska, and Pipsa Saharinen

Compromised vascular integrity is associated with capillary
leakage in sepsis, but effective therapies stabilizing the vascula-
ture are lacking. Here, we show that targeting β1-integrin in vivo
with inhibitory antibodies or deletion of a single allele of endo-
thelial β1-integrin inhibits lipopolysaccharide (LPS)-induced
vascular leakage in murine endotoxemia. The inflammatory
agents IL-1β, thrombin, and LPS induced changes in endo-
thelial cell–extracellular matrix (ECM) adhesion via β1-integrin,
angiopoietin-2, and the adapter protein tensin-1, leading to
increased endothelial cell contractility and permeability.
These results indicate that β1-integrin actively promotes vas-
cular leakage and that targeting β1-integrin signaling could be
a novel means of achieving vascular stabilization in patho-
logical vascular leak. (See pp. E6467–E6476.)

PIP30/FAM192A is a novel regulator of the nuclear
proteasome activator PA28γ
Beata Jonik-Nowak, Thomas Menneteau, Didier Fesquet, Véronique
Baldin, Catherine Bonne-Andrea, Francisca Méchali, Bertrand Fabre,
Prisca Boisguerin, Sylvain de Rossi, Corinne Henriquet, Martine Pugnière,
Manuelle Ducoux-Petit, Odile Burlet-Schiltz, Angus I. Lamond, Philippe
Fort, Séverine Boulon, Marie-Pierre Bousquet, and Olivier Coux

The 20S proteasome is a key actor of the control of protein levels
and integrity in cells. To perform its multiple functions, it works with
a series of regulators, among which is a nuclear complex called
PA28γ. In particular, PA28γ participates in the regulation of
cell proliferation and nuclear dynamics. We describe here
the characterization of a protein, PIP30/FAM192A, which binds
tightly to PA28γ and favors its interaction with the 20S pro-
teasome while inhibiting its association with coilin, a central
component of nuclear Cajal bodies. Thus, PIP30/FAM192A
critically controls the interactome and, consequently, the
functions of PA28γ, and appears to be a previously un-
identified player in the fine regulation of intracellular proteo-
stasis in the cell nucleus. (See pp. E6477–E6486.)

F-actin homeostasis through transcriptional regulation and
proteasome-mediated proteolysis
Masayuki Onishi, Kresti Pecani, Taylor Jones IV, John R. Pringle,
and Frederick R. Cross

Cytoskeletal actin microfilaments have roles in cell-shape
determination, motility, membrane trafficking, and cell di-
vision. Actin filaments respond dynamically to environmental
changes and shifting cellular needs, and functionally different
actin subtypes may play important roles in such responses.
The alga Chlamydomonas has two actins: IDA5, an actin of
conventional sequence that is expressed in normal growing
cells, and NAP1, a divergent actin that is normally not
expressed. Disruption of IDA5 filaments results in rapid tran-
scriptional induction of NAP1 and hundreds of other genes,
rapidly replacing all IDA5 filaments with NAP1 filaments, in
part by proteasome-mediated degradation of IDA5. This sys-
tem allows resistance of Chlamydomonas to actin-depolymerizing
drugs and probably also compensates for other, diverse actin
cytoskeletal perturbations, whether intrinsic or induced. (See
pp. E6487–E6496.)

7180 | www.pnas.org/cgi/doi/10.1073/pnas.ss11528
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Phosphatases control PKA-dependent functional
microdomains at the outer mitochondrial membrane
Alex Burdyga, Nicoletta C. Surdo, Stefania Monterisi, Giulietta Di
Benedetto, Francesca Grisan, Elisa Penna, Luca Pellegrini, Mario
Bortolozzi, Pawel Swietach, Tullio Pozzan, and Konstantinos Lefkimmiatis

The selective phosphorylation of spatially distinct PKA targets is
key for the pleiotropy of the cAMP cascade. This characteristic of
the pathway is currently attributed to the ability of phosphodi-
esterases or adenylate cyclases to create subcellular sites
(microdomains) where the concentration of cAMP is distinct from
that of the surrounding areas. The role of phosphatases in this
process has not been tested. Here we show that limited access
of phosphatases to the PKA targets present at the outer
mitochondrial membrane generates distinct microdomains of
PKA phosphorylated proteins despite there being no differ-
ences in the local cAMP levels. These results describe an
alternative mechanism capable of generating functional cAMP/
PKA-dependent microdomains and may be extrapolated to the
compartmentalization of other kinase-dependent events. (See
pp. E6497–E6506.)

Whole-genome data reveal the complex history of a
diverse ecological community
Lynsey Bunnefeld, Jack Hearn, Graham N. Stone, and Konrad Lohse

Widespread biological communities are common, but little is
known about how they assemble. A key question is how sets of
trophically linked species (predators and their prey, hosts and par-
asites) spread to occupy current distributions. Do they disperse
together, preserving ecological interactions, or separately, such that
interactions are interrupted? This is central to assessing the po-
tential for coevolution in a system and requires inference of species
associations both over space and through time. Here, we use de
novo genomic data and likelihood-based approaches to infer the
assembly history of a multispecies community of Western Palearctic
insect herbivores and parasitoid natural enemies—the two trophic
groups that together comprise 50% of all animal species. (See pp.
E6507–E6515.)

Real-time dynamics of mutagenesis reveal the chronology
of DNA repair and damage tolerance responses in
single cells
Stephan Uphoff

A central goal in genetics is to understand how mutation rates are
regulated by the genome maintenance system in response to DNA
damage or drug treatments. This has been challenging because
existing mutation assays only show time and population averages of
mutation rates and do not resolve the underlying molecular pro-
cesses. Toward this goal, I utilized a microscopy-based method
which enables relating the creation of DNA mismatches to single-
cell gene expression dynamics in real time. I show that DNA al-
kylation damage causes a distinct pulse of mutagenesis that is
shaped by the chronology of constitutive and inducible DNA repair
and damage tolerance pathways. Stochastic fluctuations in the ex-
pression of these pathways modulated the dynamics of mutagen-
esis in single Escherichia coli cells. (See pp. E6516–E6525.)

Evolutionary genomic dynamics of Peruvians before,
during, and after the Inca Empire
Daniel N. Harris, Wei Song, Amol C. Shetty, Kelly S. Levano, Omar
Cáceres, Carlos Padilla, Víctor Borda, David Tarazona, Omar Trujillo, Cesar
Sanchez, Michael D. Kessler, Marco Galarza, Silvia Capristano, Harrison
Montejo, Pedro O. Flores-Villanueva, Eduardo Tarazona-Santos, Timothy D.
O’Connor, and Heinner Guio

Through the Peruvian Genome Project we generate and analyze
the genomes of 280 individuals where the majority have >90%
Native American ancestry and explore questions at the interface of
evolutionary genetics, history, anthropology, and medicine. This is
the most extensive sampling of high-coverage Native American
and mestizo whole genomes to date. We estimate an initial peo-
pling of Peru was rapid and began by 12,000 y ago. In addition,
the mestizo populations exhibit admixture between Native Amer-
ican groups prior to their Spanish admixture and was likely influ-
enced by the Inca Empire and Spanish conquest. Our results
address important Native American population history questions
and establish a dataset beneficial to address the underrepre-
sentation of Native American ancestry in sequencing studies.
(See pp. E6526–E6535.)

Gentamicin induces LAMB3 nonsense mutation
readthrough and restores functional laminin
332 in junctional epidermolysis bullosa
Vadim Lincoln, Jon Cogan, Yingping Hou, Michaela Hirsch, Michelle Hao,
Vitali Alexeev, Michele De Luca, Laura De Rosa, Johann W. Bauer,
David T. Woodley, and Mei Chen

Premature termination codons (PTCs) generated by nonsense
mutations produce abnormal, short, or diminished proteins.
Eighty-three percent of patients with Herlitz junctional epi-
dermolysis bullosa (H-JEB), an inherited, incurable skin disease,
harbor nonsense mutation(s) in genes encoding a structural pro-
tein (laminin 332) responsible for skin adherence. Gentamicin, a
common antibiotic, was shown to induce readthrough of PTCs in
various disease models. Using in vitro assays and 3D skin models,
we found that H-JEB cells harboring nonsense mutations ex-
posed to gentamicin produce full-length structural protein, de-
posit it correctly between skin layers, and exhibit reversal of other
H-JEB–associated cellular abnormalities. Our findings indicate
that gentamicin may present an immediate therapy for this
otherwise fatal disease and other skin disorders caused by
nonsense mutations. (See pp. E6536–E6545.)

Fatty acid metabolism complements glycolysis in the
selective regulatory T cell expansion during tumor growth
Ilenia Pacella, Claudio Procaccini, Chiara Focaccetti, Stefano Miacci,
Eleonora Timperi, Deriggio Faicchia, Martina Severa, Fabiana Rizzo, Eliana
Marina Coccia, Fabrizia Bonacina, Nico Mitro, Giuseppe Danilo Norata,
Grazisa Rossetti, Valeria Ranzani, Massimiliano Pagani, Ezio Giorda,
Yu Wei, Giuseppe Matarese, Vincenzo Barnaba, and Silvia Piconese

Recent studies have established that metabolic restrains, such as
glucose restriction, impair the activities of effector T cells in the
tumor microenvironment. In the same context, a huge expansion
of activated Treg cells in tumor tissues has been described in
mice and humans, contributing to the suppression of protective
antitumor immunity. Our data demonstrate that Tregs are
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committed to survive and proliferate in such a hostile milieu
thanks to a metabolic advantage based on the combination of
glycolysis and fatty acid synthesis and oxidation. This allows
Tregs to prevail over conventional T cells that rely primarily on
the glycolytic pathway for their metabolic demands. Awareness
of the metabolic dynamics of Tregs in tumor could provide a
means for cancer immunotherapy. (See pp. E6546–E6555.)

Disrupting LXRα phosphorylation promotes FoxM1
expression and modulates atherosclerosis by
inducing macrophage proliferation
M. C. Gage, N. Bécares, R. Louie, K. E. Waddington, Y. Zhang,
T. H. Tittanegro, S. Rodríguez-Lorenzo, A. Jathanna, B. Pourcet,
O. M. Pello, J. V. De la Rosa, A. Castrillo, and I. Pineda-Torra

To date, the importance of liver X receptors (LXRs) in atherosclerosis
development has been gleaned from their pharmacological or ge-
netic manipulation. Here, we show that altering LXRα phos-
phorylation can shape proatherogenic responses to fat-rich
diets, uncovering previously unrecognized mechanisms. Dis-
rupting LXRα phosphorylation in myeloid cells triggers global
changes in gene expression in macrophages, including the
up-regulation of proliferation-promoting factors, consistent with
increased proliferation of lesion-resident cells. This leads to an
enhanced atherosclerotic plaque burden and plaques with al-
tered phenotypic features. Notably, novel LXRα-regulated targets
revealed by impaired LXRα phosphorylation are markedly distinct
from those promoted by LXR ligand activation. Overall, this work
reveals LXRα phosphorylation as an important determinant of
atherosclerosis development. This could be exploited for the de-
sign of novel antiatherosclerotic strategies. (See pp. E6556–E6565.)

Drosophila model of myosin myopathy rescued by
overexpression of a TRIM-protein family member
Martin Dahl-Halvarsson, Montse Olive, Malgorzata Pokrzywa, Katarina
Ejeskär, Ruth H. Palmer, Anne Elisabeth Uv, and Homa Tajsharghi

The majority of mutations residing within the rod domain of
myosin have been associated with skeletal myopathy with or
without cardiomyopathy. However, the molecular mechanisms
underlying the variation in clinical and pathological phenotypes
of myopathies associated with the MYH7 mutation are still poorly
understood. We used CRISPR/Cas9-mediated genome engi-
neering to develop a fly model for Laing distal myopathy to in-
vestigate the pathological mechanisms of the recurrent L1729del
MYH7 mutation. This study unveils structural and functional
phenotypes associated with this mutation in skeletal and heart
muscles, and identifies a mechanism that alleviates the patho-
logical phenotype, suggesting that E3-ligase modifier gene ac-
tivity may reduce or enhance the impact of this myosin mutation
in patients. (See pp. E6566–E6575.)

Autoantibodies reactive to adrenocorticotropic hormone
can alter cortisol secretion in both aggressive and
nonaggressive humans
Henning Værøy, Csaba Adori, Romain Legrand, Nicolas Lucas, Jonathan
Breton, Caroline Cottard, Jean-Claude do Rego, Céline Duparc,
Estelle Louiset, Hervé Lefebvre, Pierre Déchelotte, Elin Western,
Stein Andersson, Tomas Hökfelt, and Sergueï O. Fetissov

The number of inmates imprisoned for violent aggression is in-
creasing, as are the penitentiaries, but still our understanding of
mechanisms underlying criminality is limited. Our analysis of vi-
olent aggressor inmates reveals unique properties of IgG reactive
with adrenocorticotropic hormone (ACTH). We show that these

IgGs can regulate ACTH-induced cortisol secretion in the adrenal
gland, and they exhibit a clear-cut difference in ACTH epitope
binding in violent aggressors vs. controls. Additionally, IgG from
a subset of aggressive subjects selectively bind to hypothalamic
vasopressin neurons. Thus, using several in vitro and in vivo ap-
proaches, the study reveals a molecular mechanism involved in
the variability of stress response relevant to the neurobiology of
aggression and possibly other stress-related conditions. (See pp.
E6576–E6584.)

Coupled laboratory and field investigations resolve
microbial interactions that underpin persistence in
hydraulically fractured shales
Mikayla A. Borton, David W. Hoyt, Simon Roux, Rebecca A. Daly, Susan A.
Welch, Carrie D. Nicora, Samuel Purvine, Elizabeth K. Eder, Andrea J.
Hanson, Julie M. Sheets, David M. Morgan, Richard A. Wolfe, Shikha
Sharma, Timothy R. Carr, David R. Cole, Paula J. Mouser, Mary S. Lipton,
Michael J. Wilkins, and Kelly C. Wrighton

Microorganisms persisting in hydraulically fractured shales must
maintain osmotic balance in hypersaline fluids, gain energy in the
absence of electron acceptors, and acquire carbon and nitrogen to
synthesize cell building blocks. We provide evidence that that
cofermentation of amino acids (Stickland reaction) meets all of these
organismal needs, thus functioning as a keystone metabolism in
enriched and natural microbial communities from hydraulically
fractured shales. This amino acid-based metabolic network can be
rationally designed to optimize biogenic methane yields and min-
imize undesirable chemistries in this engineered ecosystem. Our
proposed ecological framework extends to the human gut and
other protein-rich ecosystems, where the role of Stickland fermen-
tations and their derived syntrophies play unrecognized roles in
carbon and nitrogen turnover. (See pp. E6585–E6594.)

Direct cell–cell contact activates SigM to express the ESX-4
secretion system in Mycobacterium smegmatis

Ryan R. Clark, Julius Judd, Erica Lasek-Nesselquist, Sarah A. Montgomery,
Jennifer G. Hoffmann, Keith M. Derbyshire, and Todd A. Gray

A conjugation model of mycobacterial interaction recently revealed
that intercellular communication occurs between donors and re-
cipients. This communication links two ESAT-6 (ESX) (type VII) secre-
tion systems that are both required for conjugation. Functionally
distinct ESX secretion systems are found in all mycobacteria, and they
serve important virulence functions in pathogenic mycobacteria. We
demonstrate that SigM, an extracytoplasmic transcription factor, acti-
vates ESX-4. Direct donor-recipient cell contact triggers the recipient
cell to release membrane-sequestered SigM, which rapidly induces
an ESX-4-focused regulon. The conservation of SigM and ESX-4
throughout mycobacteria suggests that this interaction-response
network is intact and active in pathogens. Contact-dependent re-
sponses similar to those identified in our model system may
therefore also mediate communal processes within infectious
mycobacterial populations. (See pp. E6595–E6603.)

Arthropod EVs mediate dengue virus transmission through
interaction with a tetraspanin domain containing
glycoprotein Tsp29Fb
Ashish Vora, Wenshuo Zhou, Berlin Londono-Renteria, Michael
Woodson, Michael B. Sherman, Tonya M. Colpitts, Girish Neelakanta,
and Hameeda Sultana

So far, no studies have reported whether dengue virus uses ar-
thropod extracellular vesicles (EVs) for its transmission from vector
to the mammalian host. Our study reports a very significant

7182 | www.pnas.org/cgi/doi/10.1073/pnas.ss11528
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finding on EV-mediated transmission of dengue viruses (sero-
types 2 and 3) from mosquito to mammalian, including human
cells, through interactions with an arthropod EV-enriched tetra-
spanin domain-containing glycoprotein, Tsp29Fb. (See pp.
E6604–E6613.)

Inhibitor of intramembrane protease RseP blocks the σE
response causing lethal accumulation of unfolded outer
membrane proteins
Anna Konovalova, Marcin Grabowicz, Carl J. Balibar, Juliana C. Malinverni,
Ronald E. Painter, Daniel Riley, Paul A. Mann, Hao Wang, Charles G.
Garlisi, Brad Sherborne, Nathan W. Rigel, Dante P. Ricci, Todd A. Black,
Terry Roemer, Thomas J. Silhavy, and Scott S. Walker

The σE stress response monitors outer membrane protein (OMP)
assembly. Uninduced, σE is sequestered to the plasma membrane
by its anti-sigma factor, RseA. Mutations perturbing OMP bio-
genesis induce degradation of RseA by the proteases DegS and
RseP, liberating σE so it can activate gene expression. σE activity is
essential in wild-type Escherichia coli, although why it is essential
has remained unclear. We report that batimastat is an inhibitor of
RseP, preventing it from cleaving RseA and thereby causing a le-
thal decrease in σE activity. Surprisingly, lethality is caused by the
accumulation of unfolded OMPs, despite a wild-type OMP bio-
genesis pathway. Hence, σE is essential because it must fine-tune
OMP synthesis, assembly, and degradation to prevent the ap-
pearance of toxic unfolded OMPs. (See pp. E6614–E6621.)

In vivo imaging of the pathophysiological changes and
neutrophil dynamics in influenza virus-infected
mouse lungs
Hiroshi Ueki, I-Hsuan Wang, Satoshi Fukuyama, Hiroaki Katsura, Tiago
Jose da Silva Lopes, Gabriele Neumann, and Yoshihiro Kawaoka

We used a state-of-the-art in vivo imaging system and fluorescent
influenza viruses (Color-flu) to determine in real time the patho-
physiological changes in the lungs of infected mice. We found
that influenza virus infections reduced blood flow speed and
decreased neutrophil motility. More significantly, infection with a
prototypic “bird flu” strain, a highly pathogenic H5N1 influenza
virus, caused higher pulmonary permeability than did infection
with a mouse-adapted human influenza virus. This in vivo imaging
system with quantitative analyses allowed us to reveal the pro-
gression of the disease at the cellular level and to perform a
multiparameter analysis that is not possible by using
conventional histopathology. (See pp. E6622–E6629.)

Piano training enhances the neural processing of
pitch and improves speech perception in
Mandarin-speaking children
Yun Nan, Li Liu, Eveline Geiser, Hua Shu, Chen Chen Gong, Qi Dong,
John D. E. Gabrieli, and Robert Desimone

Musical training is beneficial to speech processing, but this
transfer’s underlying brain mechanisms are unclear. Using
pseudorandomized group assignments with 74 4- to 5-year-old
Mandarin-speaking children, we showed that, relative to an active
control group which underwent reading training and a no-contact
control group, piano training uniquely enhanced cortical re-
sponses to pitch changes in music and speech (as lexical tones).
These neural enhancements further generalized to early literacy
skills: Compared with the controls, the piano-training group also
improved behaviorally in auditory word discrimination, which was
correlated with their enhanced neural sensitivities to musical

pitch changes. Piano training thus improves children’s common
sound processing, facilitating certain aspects of language de-
velopment as much as, if not more than, reading instruction. (See
pp. E6630–E6639.)

Amyloid clearance defect in ApoE4 astrocytes is reversed
by epigenetic correction of endosomal pH
Hari Prasad and Rajini Rao

Alzheimer’s disease is the most common cause of dementia in the
elderly. Most cases occur sporadically, with 40–65% of patients
carrying at least one copy of the E4 allele of Apolipoprotein E.
Because no drug exists that can halt disease progress, there is
strong interest in understanding the presymptomatic role of
endosomes. We show that excessive endosomal acidification in
ApoE4 astrocytes is caused by downregulation of the Na+/H+ ex-
changer NHE6 and results in defective clearance of amyloid beta
(Aβ) peptide by intracellular sequestration of the LRP1 receptor.
Epigenetic modifiers restore NHE6 expression to alkalinize endo-
somal pH, increase surface expression of LRP1, and correct Aβ
clearance in astrocytes. Thus, endosomal pH emerges as a target
for the correction of amyloid disorders. (See pp. E6640–E6649.)

Multigenome analysis implicates miniature inverted-repeat
transposable elements (MITEs) in metabolic diversification
in eudicots
Alexander M. Boutanaev and Anne E. Osbourn

Recently discovered biosynthetic gene clusters in plants are
a striking example of the nonrandom complex structure of
eukaryotic genomes. The mechanisms underpinning the forma-
tion of these clustered pathways are not understood. Here we
carry out a systematic analysis of transposable elements associ-
ated with clustered terpene biosynthetic genes in plant genomes,
and find evidence to suggest a role for miniature inverted-repeat
transposable elements in cluster formation in eudicots. Our
analyses provide insights into potential mechanisms of cluster
assembly. They also shed light on the emergence of a “block”
mechanism for the foundation of new terpene clusters in the
eudicots in which microsyntenic blocks of terpene synthase and
cytochrome P450 gene pairs duplicate, providing templates for
the evolution of new pathways. (See pp. E6650–E6658.)

Degradation of unmethylated miRNA/miRNA*s by a
DEDDy-type 3′ to 5′ exoribonuclease Atrimmer
2 in Arabidopsis

Xiaoyan Wang, Yuan Wang, Yongchao Dou, Lu Chen, Junli Wang, Ning
Jiang, Chunce Guo, Qingqing Yao, Chizao Wang, Lin Liu, Bin Yu, Binglian
Zheng, Julia A. Chekanova, Jinbiao Ma, and Guodong Ren

The steady-state levels of miRNAs are under sophisticated con-
trol to ensure their proper functions such as development and
responses to environmental stimuli. Nevertheless, enzymes re-
sponsible for the degradation of various forms of unmethylated
miRNAs remain enigmatic, which largely impedes our un-
derstanding of miRNA homeostasis and active turnover. Here we
report a 3′ to 5′ exoribonuclease Atrimmer 2 that may degrade
unmethylated miRNAs in their miRNA/miRNA* duplex status, at
places distinct from their production sites (i.e., Dicing bodies).
Our study not only increases the complexity of miRNA surveil-
lance, but also provides clues into how nascent miRNA/miRNA*
duplexes undergo methylation and RNA-induced silencing
complex loading, which is a big challenge in the plant small
RNA field. (See pp. E6659–E6667.)
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