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Unique amalgamation of primary and secondary
structural elements transform peptaibols into
potent bioactive cell-penetrating peptides
Lin Du, April L. Risinger, Carter A. Mitchell, Jianlan You, BlakeW.
Stamps, Ning Pan, Jarrod B. King, Jean C. Bopassa, Susan I. V.
Judge, Zhibo Yang, Bradley S. Stevenson,
and Robert H. Cichewicz

Using a combined approach relying on mass spectro-
metric analysis and molecular phylogeny, a fungus was
identified that produced the gichigamins, which are
peptaibols that contain a remarkable combination of
structural features. The gichigamins possess a re-
peating α-residue/α-residue/β-residue motif creating a
311-P-helix secondary structure. These structural ele-
ments confer upon the gichigamins the unique ability
among peptaibols to enter into cells whereupon they
disrupt mitochondrial function. Semisynthetic modifi-
cations further enhanced gichigamin mitochondrial de-
polarization and cytotoxicity, while removing virtually
all plasma-membrane pore-forming capabilities. These
discoveries open vistas for engineering peptaibols into
potent cytotoxins and intracellular delivery tools that
are devoid of ion leakage effects. (See pp. E8957–
E8966.)

Topological phenomena in classical
optical networks
T. Shi, H.J. Kimble, and J.I. Cirac

We introduce a unique scheme to investigate topological
behavior, using optical-passive elements and Kerr non-
linearities. Compared with previous proposals, the to-
pological band gaps are dramatically broadened, leading
to very robust edge modes. Our setup displays intriguing
phenomena in the nonlinear regime, including instabili-
ties and the production of squeezed light in the edge
modes. This proposal promises unique avenues for en-
gineering phases of light with topological character. (See
pp. E8967–E8976.)

Mechanistic principles underlying regulation of
the actin cytoskeleton by phosphoinositides
Yosuke Senju, Maria Kalimeri, Essi V. Koskela, Pentti
Somerharju, Hongxia Zhao, Ilpo Vattulainen,
and Pekka Lappalainen

Membrane phosphoinositides have emerged as key
regulators of the actin cytoskeleton in cell migration,
morphogenesis, cytokinesis, and endocytosis. However,
the molecular mechanisms by which actin-binding pro-
teins (ABPs) interact with phosphoinositide-rich mem-
branes remain remarkably poorly understood. By
applying a combination of biochemical, biophysical, and

atomistic molecular dynamics simulation approaches on
six central ABPs, we discovered that they employ mul-
tivalent electrostatic interactions for membrane binding.
Strikingly, our experiments revealed that these proteins
display enormous differences in their membrane in-
teraction dynamics and in the ranges of phosphoinosi-
tide densities that they sense. These differences
precisely correlate with the specific functions of these
proteins in cytoskeletal dynamics. These findings un-
cover molecular principles by which membrane phos-
phoinositides regulate dynamics and architecture of the
actin cytoskeleton in cells. (See pp. E8977–E8986.)

Broad role for YBX1 in defining the small
noncoding RNA composition of exosomes
Matthew J. Shurtleff, Jun Yao, Yidan Qin, Ryan M. Nottingham,
Morayma M. Temoche-Diaz, Randy Schekman,
and Alan M. Lambowitz

Cells release vesicles containing selectively pack-
aged cargo, including RNA, into the extracellular
environment. Prior studies have identified RNA in-
side extracellular vesicles (EVs), but due to limita-
tions of conventional sequencing methods, highly
structured and posttranscriptionally modified RNA
species were not effectively captured. Using an al-
ternative sequencing approach (thermostable group
II intron reverse transcriptase sequencing, TGIRT-
seq), we found that EVs contain abundant small
noncoding RNA species, including full-length transfer
RNAs and Y RNAs. Using a knockout cell line, we
obtained evidence that the RNA-binding protein
YBX1 plays a role in sorting small noncoding RNAs
into a subpopulation of EVs termed exosomes.
These experiments expand our understanding of
EV–RNA composition and provide insights into how
RNA is sorted into EVs for cellular export. (See pp.
E8987–E8995.)

Staufen1 inhibits MyoD translation to actively
maintain muscle stem cell quiescence
Antoine de Morrée, Cindy T. J. van Velthoven, Qiang Gan,
Jayesh S. Salvi, Julian D. D. Klein, Igor Akimenko, Marco
Quarta, Stefano Biressi, and Thomas A. Rando

This work addresses a fundamental mechanism for
the translational control of a master regulator of
myogenic differentiation, MyoD, by the RNA binding
protein Staufen1. We show that muscle stem cells
express the MyoD transcript in the quiescent state in
vivo but block its translation through direct repression
by Staufen1. Loss of this translational repression leads
to MyoD translation and cell cycle entry, highlighting
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a novel role for MyoD in regulating the exit from quiescence. This
mechanism of direct translational repression enables the cells to
exist poised for activation and cell cycle entry. These data pro-
vide insight in the translational control of muscle stem cell
quiescence. (See pp. E8996–E9005.)

Content of mitochondrial calcium uniporter (MCU) in
cardiomyocytes is regulated by microRNA-1 in
physiologic and pathologic hypertrophy
Tania Zaglia, Paola Ceriotti, Antonio Campo, Giulia Borile, Andrea Armani,
Pierluigi Carullo, Valentina Prando, Raffaele Coppini, Vladimiro Vida,
Tomas O. Stølen, Wisløff Ulrik, Elisabetta Cerbai, Giovanni Stellin, Giuseppe
Faggian, Diego De Stefani, Marco Sandri, Rosario Rizzuto, Fabio Di Lisa,
Tullio Pozzan, Daniele Catalucci, and Marco Mongillo

Mitochondrial calcium uniporter (MCU) is the core channel
subunit of the mitochondrial Ca2+ uniporter complex (MCUC)
and contributes to the regulation of ATP production. Here, we
identify that the adaptive and maladaptive remodeling occur-
ring in rodent and human cardiomyocytes is associated with
changes in MCU content, which are inversely correlated with
those of its regulator microRNA-1 (miR-1). The present study
thus defines the molecular mechanism by which MCU content
and, consequently, mitochondrial Ca2+ uptake are directly
modified by alteration of miR-1, a key regulator affecting
physiological and pathological heart growth. These findings
provide evidence for the miR-1/MCU axis as a potential target
for the development of novel therapeutic approaches. (See pp.
E9006–E9015.)

Modulation of apoptotic response by LAR family
phosphatases–cIAP1 signaling during urinary
tract morphogenesis
Katherine Stewart, You Chi Tang, Maxwell E. R. Shafer, Adda-Lee
Graham-Paquin, and Maxime Bouchard

Apoptotic morphogenesis requires strict regulation as both ex-
cessive and insufficient cell death is detrimental to tissue func-
tion. Here we use the process of ureter maturation, wherein the
ureter connects to the bladder by the apoptosis-mediated re-
moval of the intervening common nephric duct (CND), to in-
vestigate this paradigm. We find that LAR family phosphatases
antagonize cIAP1 activity by decreasing its stability, thereby re-
leasing the brake on CND elimination. In addition, we demon-
strate that Birc2 (cIAP1) mutant embryos exhibit increased CND
apoptosis, leading to accelerated ureter maturation and ves-
icoureteral reflux. Together this highlights the importance of
modulating the rate of apoptosis during morphogenesis, which
may act as a morphogenetic timer to allow for appropriate tissue
rearrangements during embryonic development. (See pp.
E9016–E9025.)

Mutator genomes decay, despite sustained fitness gains,
in a long-term experiment with bacteria
Alejandro Couce, Larissa Viraphong Caudwell, Christoph Feinauer,
Thomas Hindré, Jean-Paul Feugeas, Martin Weigt, Richard E. Lenski,
Dominique Schneider, and Olivier Tenaillon

Bacterial genomes are extremely diverse in size and composi-
tion. Biologists have long sought to explain such variability
based on present-day selective and mutational forces. However,
mutation rates can change dramatically over time, and experi-
ments with hypermutable bacteria show that their genomes
rapidly decay when propagated under the near absence of se-
lection. Whether selection can prevent this decay is unclear.

Here, we document the rapid genome decay of hypermutable
bacteria even during tens of thousands of generations of sus-
tained adaptation to a laboratory environment. These findings
suggest the need to reexamine current ideas about the evolu-
tion of bacterial genomes, and they have implications for other
hypermutable systems such as viruses and cancer cells. (See pp.
E9026–E9035.)

Kinship and familiarity mitigate costs of social conflict
between Seychelles warbler neighbors
Kat Bebbington, Sjouke A. Kingma, Eleanor A. Fairfield, Hannah L. Dugdale,
Jan Komdeur, Lewis G. Spurgin, and David S. Richardson

In nature, animals must compete with their neighbors for access
to limited resources. Since conflict over resources can be ex-
tremely costly in terms of time, energy, and reproductive success,
investigating how individuals resolve conflict is crucial to un-
derstanding the evolution of social behaviors. In the Seychelles
warbler, we demonstrate two mechanisms by which individuals
minimize costs of conflict and show the benefits individuals gain
from doing so. Birds that live near relatives or familiar individuals
invest less energy in defending and maintaining territory borders
and also show less aging-related signs of physiological damage.
Our results suggest that conflict between neighbors can be
mitigated by kin-selected benefits of sharing resources with rel-
atives but also through direct mutual benefits of cooperation.
(See pp. E9036–E9045.)

UTX-guided neural crest function underlies craniofacial
features of Kabuki syndrome
Karl B. Shpargel, Joshua Starmer, Chaochen Wang, Kai Ge,
and Terry Magnuson

Several chromatin-modifying enzymes are mutated in human
craniofacial disorders. These factors function genome-wide to
regulate accessibility and expression of extensive gene sets.
Therefore, understanding chromatin-modifier function requires
identification of responsible cellular origins and genomic char-
acterization of phenotypes in primary cells. We now combine
reporter flow cytometry with low cell number genomics to
identify neural crest stem-cell factors as molecular targets of
UTX in Kabuki syndrome. UTX demethylates histones to regu-
late some gene expression, but many UTX-bound regions are
subject to novel mechanisms of transcriptional regulation. This
study identifies UTX cellular and molecular targets in craniofa-
cial development and this methodology is broadly adaptable to
study genome distribution of other chromatin factors in neural
crest disorders. (See pp. E9046–E9055.)

Human papillomavirus oncoproteins induce a
reorganization of epithelial-associated γδ T
cells promoting tumor formation
Dorien Van hede, Barbara Polese, Chantal Humblet, Anneke Wilharm,
Virginie Renoux, Estelle Dortu, Laurence de Leval, Philippe
Delvenne, Christophe J. Desmet, Fabrice Bureau, David Vermijlen,
and Nathalie Jacobs

Of all tumor-infiltrating leukocytes, T cells bearing γδ T-cell re-
ceptors have been associated with the most favorable prognosis.
However, we show here, in a mouse model of carcinogenesis
induced by human papillomavirus (HPV) oncoproteins, that γδ
T cells promoted the development of HPV-induced lesions. In-
deed, HPV-oncoprotein expression induced an infiltration of
γδ T cells producing IL-17A, a proangiogenic cytokine, and
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decreased density of antitumor Vγ5+ γδ T subsets. Supporting the
clinical relevance of our observations, IL-17A+ γδ T cells were
detected in human cervical cancer, where HPV oncoproteins are
highly expressed, but not in less advanced cervical lesions. These
results support the notion that viral oncoproteins can induce
a switch from antitumoral to protumoral γδ T subsets in solid
tumors. (See pp. E9056–E9065.)

Packaging and transfer of mitochondrial DNA via
exosomes regulate escape from dormancy in
hormonal therapy-resistant breast cancer
Pasquale Sansone, Claudia Savini, Ivana Kurelac, Qing Chang, Laura
Benedetta Amato, Antonio Strillacci, Anna Stepanova, Luisa Iommarini,
Chiara Mastroleo, Laura Daly, Alexander Galkin, Basant Kumar Thakur,
Nadine Soplop, Kunihiro Uryu, Ayuko Hoshinob, Larry Norton,
Massimiliano Bonafé, Monica Cricca, Giuseppe Gasparre, David Lyden,
and Jacqueline Bromberg

Increasing evidence suggests that extracellular vesicles (EVs) can
transfer genetic material to recipient cells. However, the mechanism
and role of this phenomenon are largely unknown. Here we have
made a remarkable discovery: EVs can harbor the full mitochondrial
genome. These extracellular vesicles can in turn transfer their mtDNA
to cells with impaired metabolism, leading to restoration of metabolic
activity. We determined that hormonal therapy induces oxidative
phosphorylation-deficient breast cancer cells, which can be rescued
via the transfer of mtDNA-laden extracellular vesicles. Horizontal
transfer of mtDNA occurred in cancer stem-like cells and was asso-
ciated with increased self-renewal potential of these cells, leading to
resistance to hormonal therapy. We propose that mtDNA transfer
occurs in human cancer via EVs. (See pp. E9066–E9075.)

Human papillomavirus oncogenes reprogram the cervical
cancer microenvironment independently of and
synergistically with estrogen
Megan E. Spurgeon, Johan A. den Boon, Mark Horswill, Sonalee
Barthakur, Omid Forouzan, Janet S. Rader, David J. Beebe, Avtar Roopra,
Paul Ahlquist, and Paul F. Lambert

A subset of human papillomaviruses (HPVs) causes 5% of human
cancers, including virtually all cancers of the cervix. In a mouse
model of cervical cancer, estrogen is a necessary cofactor that
contributes to disease by signaling through the underlying tumor
microenvironment. In this study, we discovered that epithelial ex-
pression of the HPV oncoproteins reprograms the cervical tumor
microenvironment and its response to estrogen. These changes in-
volve the elicitation of paracrine-acting factors implicated in carci-
nogenesis, and the expression of a subset of these factors was also
induced in cocultures of human cervical cancer cells and stromal
fibroblasts. We hypothesize that HPV oncogenes cause cancer in
part by creating a unique tumor microenvironment that synergizes
with estrogen in the cervix. (See pp. E9076–E9085.)

PAF promotes stemness and radioresistance of glioma
stem cells
Derrick Sek Tong Ong, Baoli Hu, Yan Wing Ho, Charles-Etienne Gabriel
Sauvé, Christopher A. Bristow, Qianghu Wang, Asha S. Multani, Peiwen
Chen, Luigi Nezi, Shan Jiang, Claire Elizabeth Gorman, Marta Moreno
Monasterio, Dimpy Koul, Matteo Marchesini, Simona Colla, Eun-Jung Jin,
Erik P. Sulman, Denise J. Spring, Wai-Kwan Alfred Yung, Roel G. W. Verhaak,
Lynda Chin, Y. Alan Wang, and Ronald A. DePinho

Glioblastoma multiforme (GBM) is uniformly lethal and shows re-
sistance to all forms of therapy. Glioma stem cells (GSCs) have been
shown to support GBM maintenance and exhibit enhanced re-
sistance to ionizing radiation, a cornerstone of GBM therapy. This

study establishes that proliferating cell nuclear antigen-associated
factor (PAF) depletion profoundly reduces GSC frequency and
tumorigenicity, in part, by down-regulating DNA replication and
pyrimidine metabolism. Moreover, PAF depletion impairs error-
prone DNA translesion synthesis (TLS) and enhances sensitivity
of GSCs to radiation treatment. Pharmacological impairment
of DNA replication and TLS diminished GSC maintenance and
radioresistance, illuminating a potential GBM treatment strategy
of combined TLS inhibition and radiation therapy. (See pp. E9086–
E9095.)

Cardiovascular homeostasis dependence on MICU2, a
regulatory subunit of the mitochondrial calcium uniporter
Alexander G. Bick, Hiroko Wakimoto, Kimberli J. Kamer, Yasemin Sancak,
Olga Goldberger, Anna Axelsson, Daniel M. DeLaughter, Joshua M.
Gorham, Vamsi K. Mootha, J. G. Seidman, and Christine E. Seidman

Hypertension increases the risk for development of abdominal
aortic aneurysms, a silent pathology that is prone to rupture and
cause sudden cardiac death. Male gender, smoking, and hyper-
tension appear to increase risk for development of abdominal
aortic aneurysms by provoking oxidative stress responses in car-
diovascular tissues. Here we uncovered unexpected linkages
between the calcium-sensing regulatory subunit MICU2 of the
mitochondrial calcium uniporter and stress responses. We show
that naive Micu2−/− mice had abnormalities of cardiac relaxation
but, with modest blood pressure elevation, developed abdomi-
nal aortic aneurysms with spontaneous rupture. These findings
implicate mitochondrial calcium homeostasis as a critical pathway
involved in protecting cardiovascular tissues from oxidative
stress. (See pp. E9096–E9104.)

Spatial organization of a model 15-member human gut
microbiota established in gnotobiotic mice
Jessica L. Mark Welch, Yuko Hasegawa, Nathan P. McNulty, Jeffrey I.
Gordon, and Gary G. Borisy

Spatial structure is postulated to have a powerful influence on
establishing and sustaining the signaling and metabolic exchanges
that define relationships among members of the gut microbiota and
host. However, information about gut community spatial structure is
limited. Simultaneous imaging of components of a 15-member
model human gut bacterial community over a range of spatial scales
in gnotobiotic mice revealed that the colon is better conceptualized
as an incompletely mixed bioreactor, rather than having sharply
stratified luminal and mucosal compartments. Identifying host and
microbial factors that constrain the ability of community members to
establish sizeable single or oligotaxon agglomerations should yield
new insights about how “micro”-scale mixing defines community
function. (See pp. E9105–E9114.)

Visual perception as retrospective Bayesian decoding from
high- to low-level features
Stephanie Ding, Christopher J. Cueva, Misha Tsodyks, and Ning Qian

The nature of perceptual decoding remains an open, fundamental
question. Many studies assume that decoding follows the same low-
to high-level hierarchy of encoding, yet this assumption was never
rigorously tested. We performed such a test, which refutes the as-
sumption to the extent that absolute and relative/ordinal orienta-
tions are features of different levels. Additionally, the backward
aftereffect we discovered cannot be explained by the efficient-
coding theories of adaptation. Finally, we proposed a new theory
that explains our data as retrospective Bayesian decoding from high
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to low levels in working memory. This decoding hierarchy is justified
by considering memory stability/distortion of high/low-level fea-
tures. Thus, our work rejects the currently dominant decoding
scheme and offers a framework that integrates perceptual decoding
and working memory. (See pp. E9115–E9124.)

Opioid and orexin hedonic hotspots in rat orbitofrontal
cortex and insula
Daniel C. Castro and Kent C. Berridge

Orbitofrontal cortex, insula, and related cortical regions are im-
plicated in pleasure and motivation. However, determining
whether cortical sites help cause hedonic reactions or instead
merely encode signals generated elsewhere to facilitate other
functions such as cognition remains unresolved. By mapping
hedonic effects of individual drug microinjections, we generate
detailed anatomical maps for potential gain-of-function affective
sites in rat limbic cortex. Here, we show that opioid or orexin
stimulations in orbitofrontal cortex and insula causally enhance
hedonic “liking” reactions to sweetness and find a third cortical
site where the same neurochemical stimulations reduce positive
hedonic impact. For comparison, we also map overlapping but
separable regions where stimulations increase the motivation
to eat. (See pp. E9125–E9134.)

M344 promotes nonamyloidogenic amyloid precursor
protein processing while normalizing Alzheimer’s
disease genes and improving memory
Claude-Henry Volmar, Hasib Salah-Uddin, Karolina J. Janczura, Paul
Halley, Guerline Lambert, Andrew Wodrich, Sivan Manoah, Nidhi H.
Patel, Gregory C. Sartor, Neil Mehta, Nancy T. H. Miles, Sachi
Desse, David Dorcius, Michael D. Cameron, Shaun P. Brothers,
and Claes Wahlestedt

Hundreds of failed clinical trials with Alzheimer’s disease (AD)
patients over the last fifteen years demonstrate that the one-
target–one-disease approach is not effective in AD. In silico,
structure-based, multitarget drug design approaches to treat
multifactorial diseases have not been successful in the context
of AD either. Here, we show that M344, an inhibitor of class I
and IIB histone deacetylases, affects multiple AD-related genes,
including those related to both early- and late-onset AD. We
also show that M344 improves memory in the 3xTg AD mouse
model. This work endorses a shift to a multitargeted approach
to the treatment of AD, supporting the therapeutic potential of a
single small molecule with an epigenetic mechanism of action.
(See pp. E9135–E9144.)

Perceiving social interactions in the posterior superior
temporal sulcus
Leyla Isik, Kami Koldewyn, David Beeler, and Nancy Kanwisher

Humans spend a large percentage of their time perceiving the
appearance, actions, and intentions of others, and extensive
previous research has identified multiple brain regions engaged
in these functions. However, social life depends on the ability to
understand not just individuals, but also groups and their in-
teractions. Here we show that a specific region of the posterior
superior temporal sulcus responds strongly and selectively when
viewing social interactions between two other agents. This region
also contains information about whether the interaction is posi-
tive (helping) or negative (hindering), and may underlie our ability
to perceive, understand, and navigate within our social world.
(See pp. E9145–E9152.)

Dynein/dynactin is necessary for anterograde transport of
Mbp mRNA in oligodendrocytes and for myelination in vivo
Amy L. Herbert, Meng-meng Fu, Catherine M. Drerup, Ryan S. Gray,
Breanne L. Harty, Sarah D. Ackerman, Thomas O’Reilly-Pol, Stephen L.
Johnson, Alex V. Nechiporuk, Ben A. Barres, and Kelly R. Monk

Oligodendrocytes in the brain insulate neuronal axons in layers of
fatty myelin to facilitate fast electrical signaling. Myelin basic
protein (MBP), an important myelin component, is transported as
mRNA away from the cell body before being translated into
protein. In zebrafish, the anterograde motor kinesin transports
mbp mRNA away from the cell body. We now identify myelina-
tion defects in zebrafish caused by a mutation in the retrograde
motor complex dynein/dynactin, which normally transports car-
gos back toward the cell body. However, this mutant displays
defects in anterograde mbp mRNA transport. We confirm in
mammalian oligodendrocyte cultures that drug inhibition of dy-
nein arrests transport in both directions and decreases MBP
protein levels. Thus, dynein/dynactin is paradoxically required for
anterograde mbp mRNA transport. (See pp. E9153–E9162.)

β2-Adrenoceptor signaling in airway epithelial cells
promotes eosinophilic inflammation, mucous
metaplasia, and airway contractility
Long P. Nguyen, Nour A. Al-Sawalha, Sergio Parra, Indira Pokkunuri,
Ozozoma Omoluabi, Adedoyin A. Okulate, Elizabeth Windham Li, Matthew
Hazen, Jose M. Gonzalez-Granado, Craig J. Daly, John C. McGrath,
Michael J. Tuvim, Brian J. Knoll, Burton F. Dickey, and Richard A. Bond

Activation of β2-adrenoreceptors (β2ARs) on airway smooth mus-
cle cells produces airway relaxation, and β2AR agonists are the
most widely used bronchodilators for treating asthma. Para-
doxically, murine models show β2AR activation is also required
for expression of cardinal features of the asthma phenotype, in-
cluding airway hyperresponsiveness (AHR), inflammation, and
mucous metaplasia. However β2ARs are expressed on all the cell
types implicated in the pathogenesis and maintenance of asthma,
and which cell type(s) control these asthmatic effects is unknown. Here
we show activation of β2AR signaling solely on airway epithelium is
sufficient to restore/promote the cardinal features of asthma, in-
cluding inflammation, mucous metaplasia, and AHR. These studies
support the role of the airway epithelium as a master regulator of
key features of asthma. (See pp. E9163–E9171.)

Pathogenesis of hypothyroidism-induced NAFLD is driven
by intra- and extrahepatic mechanisms
Giuseppe Ferrandino, Rachel R. Kaspari, Olga Spadaro, Andrea Reyna-Neyra,
Rachel J. Perry, Rebecca Cardone, Richard G. Kibbey, Gerald I. Shulman,
Vishwa Deep Dixit, and Nancy Carrasco

Cross-sectional studies have demonstrated that hypothyroidism
is an independent risk factor for nonalcoholic fatty liver disease
(NAFLD). However, the pathogenesis of hypothyroidism-induced
NAFLD has yet to be characterized. Here we found that hypo-
thyroidism induces NAFLD through a pleiotropic effect of thyroid
hormones (THs) on insulin secretion and adrenergic stimulation of
lipolysis in adipose tissue. A mild reduction in serum TH levels
impairs insulin secretion, leading to impaired suppression of li-
polysis and increased shuttling of fatty acids to the liver, where
they induce NAFLD. Surprisingly, a severe reduction in serum TH
levels protects against the development of NAFLD through a
constitutive suppression of lipolysis. These results shed light on
mechanisms that either induce or protect against NAFLD
in hypothyroidism. (See pp. E9172–E9180.)
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