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Lipid topology and electrostatic interactions
underpin lytic activity of linear cationic
antimicrobial peptides in membranes
David J. Paterson, Manlio Tassieri, Julien Reboud, Rab
Wilson, and Jonathan M. Cooper

We propose a mechanistic framework that explains the
activity and selectivity of an important class of com-
pounds known as linear cationic antimicrobial peptides.
These molecules have the potential to be developed
into highly potent and selective pharmaceuticals, as
they are able to discriminate between mammalian and
bacterial membranes, and so destroy pathogens. By
comparing both selective and nonselective peptides,
we show that their activity is governed by topological
and electrostatic interactions between the membrane-
bound peptide and the surrounding lipids. This frame-
work could underpin strategies for the rational design of
therapeutic agents that are potentially able to bypass
the mechanisms of acquired bacterial drug resistance.
(See pp. E8324–E8332.)

Evolutionary diversification of protein–protein
interactions by interface add-ons
Maximilian G. Plach, Florian Semmelmann, Florian Busch,
Markus Busch, Leonhard Heizinger, Vicki H. Wysocki, Rainer
Merkl, and Reinhard Sterner

Proteins adopt no more than a thousand folds, and the
number of different protein–protein interface geome-
tries is restricted to around 1,000, too. Given this lim-
ited structural repertoire, it has remained elusive how
hundreds of thousands of specific protein–protein in-
teractions evolved and how unspecific interactions are
avoided. We report on a strategy to solve this dilemma,
which is the integration of additional structural ele-
ments at the interface periphery that guarantee speci-
ficity. We named these elements “interface add-ons”
to reflect the benefit they provide to protein interfaces,
as software add-ons do to web browsers or as addi-
tional bits turn a master key into a special key. (See pp.
E8333–E8342.)

Asymmetric mechanosensitivity in a eukaryotic
ion channel
Michael V. Clausen, Viwan Jarerattanachat, Elisabeth P.
Carpenter, Mark S. P. Sansom, and Stephen J. Tucker

One important way in which living organisms are able
to detect and respond to their environment is via the
conversion of mechanical forces into electrical sig-
nals. However, the molecular mechanisms that enable
mammalian “mechanosensitive” ion channels to detect
a wide profile of forces within the membrane remain

unclear. By studying the functional activity of individual
TREK-2 K2P channels inserted in different directions
into a lipid bilayer, we are now able to describe how
the asymmetric structure of this channel enables it to
sense such a broad profile of forces. These results help
us understand how eukaryotic ion channels respond
to a rich variety of sensory stimuli. (See pp. E8343–
E8351.)

Sirt7 promotes adipogenesis in the mouse by
inhibiting autocatalytic activation of Sirt1
Jian Fang, Alessandro Ianni, Christian Smolka, Olesya
Vakhrusheva, Hendrik Nolte, Marcus Krüger, Astrid
Wietelmann, Nicolas G. Simonet, Juan M. Adrian-Segarra,
Alejandro Vaquero, Thomas Braun, and Eva Bober

This paper describes a mechanism of regulation of
Sirt1 activity by Sirt7. Deacetylases Sirt1 and Sirt7
belong to the mammalian family of seven sirtuins,
which play important regulatory roles in several bi-
ological processes such as metabolism and aging. We
discovered that Sirt1 is able to augment its own cat-
alytical activity by autodeacetylation. Sirt7 binds to
Sirt1 and inhibits its activity. The biological impor-
tance of this regulation was revealed in the differen-
tiation and maintenance of white adipose tissue
(WAT). Sirt7 knockout mice contain a significantly di-
minished amount of WAT due to the increased
Sirt1 activity and Sirt1 inhibition restores WAT in
Sirt7 knockout mice. (See pp. E8352–E8361.)

Comparative analysis reveals genomic features
of stress-induced transcriptional readthrough
Anna Vilborg, Niv Sabath, Yuval Wiesel, Jenny Nathans,
Flonia Levy-Adam, Therese A. Yario, Joan A. Steitz,
and Reut Shalgi

Cells and organisms live in constantly changing envi-
ronments. Therefore, cells have evolved complex
mechanisms to cope with physiological and environ-
mental stresses. Many of these mechanisms involve
transcriptional responses facilitating survival and adap-
tation. Recent evidence documents extensive transcrip-
tional readthrough beyond annotated gene ends in
response to stress, but the role and regulation of these
downstream of gene-containing transcripts (DoGs) re-
main elusive. Here we report that induction of tran-
scriptional readthrough is a hallmark of the mammalian
stress response. We explore its causes and conse-
quences in a genome-wide fashion, identifying thou-
sands of readthrough transcripts that are induced in three
different stress conditions. Our results suggest potential
roles for this class of transcripts in the maintenance of
open chromatin under stress. (See pp. E8362–E8371.)
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Functional screening in human cardiac organoids reveals a
metabolic mechanism for cardiomyocyte cell cycle arrest
Richard J. Mills, Drew M. Titmarsh, Xaver Koenig, Benjamin L. Parker,
James G. Ryall, Gregory A. Quaife-Ryan, Holly K. Voges, Mark P. Hodson,
Charles Ferguson, Lauren Drowley, Alleyn T. Plowright, Elise J. Needham,
Qing-Dong Wang, Paul Gregorevic, Mei Xin, Walter G. Thomas, Robert G.
Parton, Lars K. Nielsen, Bradley S. Launikonis, David E. James, David A.
Elliott, Enzo R. Porrello, and James E. Hudson

Engineered cardiac muscle can be used to promote the structural
and functional maturation of human pluripotent stem cell-derived
cardiomyocytes (hPSC-CMs). However, previous studies have not
yet produced cardiac tissues with metabolic and proliferative
maturation. Here, we develop a 96-well screening platform and
screen for cardiac maturation conditions in engineered cardiac
muscle. We found that simulating the postnatal switch in metabolic
substrates from carbohydrates to fatty acids promoted a switch in
metabolism, DNA damage response, and cell cycle arrest in hPSC-
CM. Our study shows that this mechanism can be harnessed to
enhance the maturation of human hPSC-CM and cardiac tissues,
which has major implications for stem cell sciences, drug discovery,
and regenerative medicine. (See pp. E8372–E8381.)

Small genome symbiont underlies cuticle hardness
in beetles
Hisashi Anbutsu, Minoru Moriyama, Naruo Nikoh, Takahiro Hosokawa,
Ryo Futahashi, Masahiko Tanahashi, Xian-Ying Meng, Takashi Kuriwada,
Naoki Mori, Kenshiro Oshima, Masahira Hattori, Manabu Fujie, Noriyuki
Satoh, Taro Maeda, Shuji Shigenobu, Ryuichi Koga, and Takema Fukatsu

Beetles are successful in the terrestrial ecosystem, which is at-
tributable to, at least partly, their highly sclerotized exoskeleton.
Here, we report a bacterial symbiont extremely specialized for
underpinning the beetle’s hardness. The ancient endosymbiont
Nardonella associated with weevils has an extremely small ge-
nome devoted to a single biological function, tyrosine pro-
visioning, which is needed for insect’s cuticle formation and
hardening. Notably, only the final step reaction of the tyrosine
synthesis pathway is complemented by host-encoded amino-
transferases up-regulated in the bacteriome, highlighting a highly
focused aspect of the host–symbiont metabolic integrity. Both
symbiont suppression by an antibiotic and RNA interference of
the host aminotransferases induce reddish and soft weevils, ver-
ifying the pivotal role of the symbiosis for the beetle’s hardness.
(See pp. E8382–E8391.)

Cytosine deamination and base excision repair cause
R-loop–induced CAG repeat fragility and instability
in Saccharomyces cerevisiae

Xiaofeng A. Su and Catherine H. Freudenreich

R-loops form when transcribed RNA remains bound to its DNA
template to form a stable RNA:DNA hybrid. Stable R-loops at a
CAG/CTG repeat tract, a sequence that can expand to cause
human disease, cause DNA breaks as well as repeat instability. We
found that R-loop–induced deamination of cytosines followed by
base excision repair is responsible for causing CAG repeat breaks
and contractions. Intriguingly, R-loop–dependent double-strand
breaks were caused by the MutL gamma endonuclease, which is
known to recognize structured DNA and cause nicks, defining a
new mechanism for how R-loops can generate DNA breaks. Our
results have implications for human repeat expansion diseases
and provide a paradigm for how RNA:DNA hybrids can cause
genome instability at structure-forming DNA sequences. (See pp.
E8392–E8401.)

[PSI+] prion propagation is controlled by
inositol polyphosphates
Reed B. Wickner, Amy C. Kelly, Evgeny E. Bezsonov,
and Herman K. Edskes

The [PSI+] prion of baker’s yeast is a filamentous polymer (amyloid) of
the Sup35 protein, producing readthrough of translation termination
and different degrees of growth slowing, depending on the prion
variant. We show that certain inositol polyphosphates and pyro-
phosphates promote the propagation of the [PSI+] prion and that
an inositol pyrophosphate pyrophosphatase has an antiprion ef-
fect. Inositol poly-/pyrophosphates are intracellular signaling
molecules not previously connected with any amyloidosis. (See
pp. E8402–E8410.)

IgH isotype-specific B cell receptor expression influences
B cell fate
Pei Tong, Alessandra Granato, Teng Zuo, Neha Chaudhary, Adam Zuiani,
Seung Seok Han, Rakesh Donthula, Akritee Shrestha, Debattama Sen,
Jennifer M. Magee, Michael P. Gallagher, Cees E. van der Poel, Michael C.
Carroll, and Duane R. Wesemann

B cells produce antibodies in the context of immunoglobulin
heavy chain (IgH) isotypes (e.g., IgM, IgG, and IgE). Each of
these is generated either as secreted proteins or as membrane-
bound B cell antigen receptors (BCRs). While much is known
about how IgH isotype dictates effector function of soluble an-
tibodies, the role of antibody isotype in the context of BCRs is
not well defined. Here we demonstrate that the membrane-
bound versions (mIg) of IgM, IgG1, and IgE are produced
from their natural genomic loci in a hierarchal fashion, where
mRNA transcripts for mIgM are always more dominant than
mIgG1, which are always more dominant than mIgE, regardless
of cell stage. These isotype-specific expression differences
contribute to B cell regulation. (See pp. E8411–E8420.)

MIF and D-DT are potential disease severity modifiers in
male MS subjects
Gil Benedek, Roberto Meza-Romero, Kelley Jordan, Ying Zhang, Ha
Nguyen, Gail Kent, Jia Li, Edwin Siu, Jenny Frazer, Marta Piecychna, Xin
Du, Antoine Sreih, Lin Leng, Jack Wiedrick, Stacy J. Caillier, Halina Offner,
Jorge R. Oksenberg, Vijayshree Yadav, Dennis Bourdette, Richard Bucala,
and Arthur A. Vandenbark

The biological processes that are involved in the progression
of multiple sclerosis (MS) are far from complete. Macro-
phage migration inhibitory factor (MIF) and its homolog,
D-dopachrome tautomerase (D-DT), are immunoregulatory cy-
tokines known to be involved in the worsening of various auto-
immune disorders. We demonstrate that genetically controlled
high MIF expression (and D-DT) promotes MS progression in
males, suggesting that these two factors are sex-specific disease
modifiers. In addition, we show that MIF or D-DT deficiency
ameliorates the disease severity of the murine model of MS. Our
data suggest that targeting CD74, the common receptor for MIF
and D-DT, with therapies such as partial MHC class II constructs
could be therapeutically beneficial for inhibiting MS clinical pro-
gression in selected patients. (See pp. E8421–E8429.)

IL-4–producing B cells regulate T helper cell dichotomy in
type 1- and type 2-controlled diseases
Ramona Hurdayal, Hlumani H. Ndlovu, Mélanie Revaz-Breton, Suraj P.
Parihar, Justin Komguep Nono, Melissa Govender, and Frank Brombacher

Cutaneous leishmaniasis and schistosomiasis are neglected
tropical diseases for which there are no effective vaccines and
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limited treatment strategies. To develop vaccine and thera-
peutic alternatives, a detailed understanding of host immu-
nity is essential. We show a role for IL-4Rα–responsive B cells in
host susceptibility to Leishmania major and protection against
Schistosoma mansoni infection through the production of early
IL-4, which in turn regulates Th2 cell polarization and disease
outcome in mice. These important findings highlight the sig-
nificant impacts that B cell-specific IL-4Rα and IL-4 responsiveness
have in the context of type 1 (L. major) and type 2 (S. mansoni)
pathogens. Thus, vaccine and therapeutic development should
aim to target both B and T cell immunity for optimal efficacy.
(See pp. E8430–E8439.)

Immunoreceptor tyrosine-based inhibitory motif–dependent
functions of an MHC class I-specific NK cell receptor
Michael D. Bern, Diana L. Beckman, Takashi Ebihara, Samantha M. Taffner,
Jennifer Poursine-Laurent, J. Michael White, and Wayne M. Yokoyama

Natural killer (NK) cells are cytotoxic immune cells that are reg-
ulated by inhibitory receptors, such as murine Ly49s, that bind to
MHC class I (MHC-I). Cancer immunotherapies are currently in
clinical trial that target inhibitory NK-cell receptors analogous to
checkpoint inhibitors that block inhibitory receptors on T cells. To
improve checkpoint blockade of NK cells, it is critical to better
understand the in vivo functions of inhibitory NK-cell receptors.
Here, we developed a knock-in mouse with a targeted mutation
predicted to abolish the signaling motif of the inhibitory receptor
Ly49A. This mutant mouse revealed multiple mechanisms by
which inhibitory receptor signaling controls NK-cell self-tolerance
that could impact the efficacy of checkpoint blockade of NK cells.
(See pp. E8440–E8447.)

Direct engagement of the PI3K pathway by mutant KIT
dominates oncogenic signaling in gastrointestinal
stromal tumor
Benedikt Bosbach, Ferdinand Rossi, Yasemin Yozgat, Jennifer Loo,
Jennifer Q. Zhang, Georgina Berrozpe, Katherine Warpinski, Imke
Ehlers, Darren Veach, Andrew Kwok, Katia Manova, Cristina R.
Antonescu, Ronald P. DeMatteo, and Peter Besmer

Oncogenic receptor tyrosine kinases (RTKs) are important drug
targets in the clinical setting. While RTK inhibitors have become
important tools in the clinic, as has been demonstrated with chronic
myelogenous leukemia and gastrointestinal stromal tumors (GIST),
drug resistance invariably develops. The tools and rationale for
the treatment of RTK drug resistance are limited, and success is
of short duration. The identification of secondary intracellular
drug targets is thus of critical importance. By using new Kit-GIST
mouse models in which specific Kit signaling cascades are
inhibited, we show the importance of PI3 kinase signaling in
tumor development, as well as the utility of PI3 kinase inhibition
in the treatment of primary and imatinib-resistant GIST. These
studies provide a rationale for targeting dominant molecular
pathways in tumors driven by oncogenic kinases. (See pp.
E8448–E8457.)

NCoR1-independent mechanism plays a role in the action
of the unliganded thyroid hormone receptor
Arturo Mendoza, Inna Astapova, Hiroaki Shimizu, Molly R. Gallop, Lujain
Al-Sowaimel, S. M. Dileas MacGowan, Tim Bergmann, Anders H. Berg,
Danielle E. Tenen, Christopher Jacobs, Anna Lyubetskaya, Linus Tsai,
and Anthony N. Hollenberg

Thyroid hormone receptors (TRs) mediate the genomic
actions of thyroid hormones. In the absence of T3 (3,3′,5-

triiodothyronine), the TR recruits a multiprotein repressor
complex that decreases histone acetylation in the vicinity of
target genes. Nuclear receptor corepressor 1 (NCoR1) is hy-
pothesized to be the main corepressor that interacts with TR.
Here we report that the deletion of NCoR1 does not prevent all
gene repression and histone deacetylation across a variety of
mouse models, whereas only the lack of TR was able to over-
turn the effects of hypothyroidism. Thus, we conclude that
NCoR1 is not sufficient to mediate the actions of the unli-
ganded TR; furthermore, our data suggest that alternative
mechanisms of repression may be involved in the action of TRs.
(See pp. E8458–E8467.)

Defective decidualization during and after severe
preeclampsia reveals a possible maternal
contribution to the etiology
Tamara Garrido-Gomez, Francisco Dominguez, Alicia Quiñonero, Patricia
Diaz-Gimeno, Mirhan Kapidzic, Matthew Gormley, Katherine Ona,
Pablo Padilla-Iserte, Michael McMaster, Olga Genbacev, Alfredo Perales,
Susan J. Fisher, and Carlos Simón

We provide evidence of a decidualization defect in the endo-
metrium of women with severe preeclampsia (PE) that was de-
tected at the time of delivery and persisted years after the
affected pregnancy. We went on to link this defect to impaired
cytotrophoblast invasion. The transcriptional signature of the
defect could enable its detection before (or after) conception,
which would aid the development of therapies focused on im-
proving decidualization and perhaps preventing severe PE. (See
pp. E8468–E8477.)

Endothelial insulin receptors differentially control insulin
signaling kinetics in peripheral tissues and brain of mice
Masahiro Konishi, Masaji Sakaguchi, Samuel M. Lockhart, Weikang
Cai, Mengyao Ella Li, Erica P. Homan, Christian Rask-Madsen,
and C. Ronald Kahn

Circulating hormones must cross the vascular endothelium to
elicit their actions in target tissues via either transcytosis or par-
acellular diffusion. Insulin receptors on endothelial cells are be-
lieved to mediate transcytosis of circulating insulin, but how this
affects insulin action in vivo is unknown. Here, we demonstrate
that knockout of insulin receptors on endothelial cells delays the
kinetics of activation of insulin signaling in skeletal muscle, fat,
and several regions of the brain but not in liver or olfactory bulb.
This alters the kinetics of insulin action in vivo and induces tissue-
specific insulin resistance leading to dysregulated glucose and
body weight homeostasis. (See pp. E8478–E8487.)

Host modification of a bacterial quorum-sensing signal
induces a phenotypic switch in bacterial symbionts
Cleo Pietschke, Christian Treitz, Sylvain Forêt, Annika Schultze, Sven
Künzel, Andreas Tholey, Thomas C. G. Bosch, and Sebastian Fraune

Specific bacterial communities colonize epithelial surfaces of
most animals. In the last years many host mechanisms that control
bacterial community composition have been identified. In con-
trast, only a few mechanisms are known that allow the host to
target the behavior of its bacterial colonizers. We identified a
eukaryotic mechanism based on an oxidoreductase activity,
which enables the cnidarian Hydra to modify bacterial quorum-
sensing (QS) molecules. The modification of QS signals leads to a
phenotypic switch in the bacterial symbionts and promotes col-
onization of host tissue. (See pp. E8488–E8497.)
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Leaderless secreted peptide signaling molecule alters
global gene expression and increases virulence of a
human bacterial pathogen
Hackwon Do, Nishanth Makthal, Arica R. VanderWal, Mandy Rettel,
Mikhail M. Savitski, Nikolai Peschek, Kai Papenfort, Randall J. Olsen,
James M. Musser, and Muthiah Kumaraswami

Regulation of virulence factor production is critical for bacterial
pathogenesis. The human pathogen group A Streptococcus (GAS)
produces a potent secreted protease, streptococcal pyrogenic exo-
toxin B (SpeB), that is crucial for pathogenesis. Although it is known
that GAS produces SpeB at high population density, the molecular
mechanism whereby GAS coordinates temporal SpeB production is
unknown. Here, we identify a GAS-encoded short leaderless in-
tercellular peptide signal [SpeB-inducing peptide (SIP)], and define
the mechanism by which SIP induces population-wide SpeB pro-
duction and contributes to GAS virulence. Furthermore, dis-
covery of SIP provides a framework for the identification of SIP-
like leaderless peptide signals in other microorganisms. Thus,
our data reveal a paradigm of bacterial signaling and identify
previously unknown molecules that may serve as therapeutic
targets. (See pp. E8498–E8507.)

Identification of sialic acid-binding function for the Middle
East respiratory syndrome coronavirus spike glycoprotein
Wentao Li, Ruben J. G. Hulswit, Ivy Widjaja, V. Stalin Raj, Ryan McBride,
Wenjie Peng, W. Widagdo, M. Alejandra Tortorici, Brenda van Dieren,
Yifei Lang, Jan W. M. van Lent, James C. Paulson, Cornelis A. M. de Haan,
Raoul J. de Groot, Frank J. M. van Kuppeveld, Bart L. Haagmans,
and Berend-Jan Bosch

Middle East respiratory syndrome coronavirus (MERS-CoV) re-
currently infects humans from its dromedary camel reservoir,
causing severe respiratory disease with an ∼35% fatality rate. The
virus binds to the dipeptidyl peptidase 4 (DPP4) entry receptor on
respiratory epithelial cells via its spike protein. We here report
that the MERS-CoV spike protein selectively binds to sialic acid
(Sia) and demonstrate that cell-surface sialoglycoconjugates can
serve as an attachment factor. Our observations warrant further
research into the role of Sia binding in the virus’s host and tissue
tropism and transmission, which may be influenced by the ob-
served Sia-binding fine specificity and by differences in sialo-
glycomes among host species. (See pp. E8508–E8517.)

Exceptionally tight membrane-binding may explain the key
role of the synaptotagmin-7 C2A domain in asynchronous
neurotransmitter release
Rashmi Voleti, Diana R. Tomchick, Thomas C. Südhof, and Josep Rizo

Synaptotagmins-1 and -7, act as Ca2+ sensors for the fast and
slow components of neurotransmitter release, respectively,
through the two C2 domains that form their cytoplasmic region.
Surprisingly, Ca2+-binding to the synaptotagmin-7 C2A domain is
more critical for slow release than Ca2+-binding to the C2B

domain, whereas the opposite was found for the synaptotagmin-1
C2 domains and fast release. This paper suggests an explana-
tion for this apparent contradiction, showing that the C2A domain
dominates binding of synaptotagmin-7 to membranes, whereas
such binding is dominated by the C2B domain in the case of
synaptotagmin-1. Thus, membrane affinity may be a key de-
terminant of the relative functional importance of synaptotagmin
C2 domains. (See pp. E8518–E8527.)

BPM-CUL3 E3 ligase modulates thermotolerance by
facilitating negative regulatory domain-mediated
degradation of DREB2A in Arabidopsis

Kyoko Morimoto, Naohiko Ohama, Satoshi Kidokoro, Junya Mizoi,
Fuminori Takahashi, Daisuke Todaka, Junro Mogami, Hikaru Sato, Feng
Qin, June-Sik Kim, Yoichiro Fukao, Masayuki Fujiwara, Kazuo Shinozaki,
and Kazuko Yamaguchi-Shinozaki

DEHYDRATION-RESPONSIVE ELEMENT-BINDING PROTEIN
2A (DREB2A) is a key transcription factor for plant adaptation to
drought and heat. DREB2A activity is strictly regulated via pro-
teolysis mediated by the negative regulatory domain (NRD), al-
though the molecular basis for this regulation has remained unclear
for a decade. We reveal that BTB/POZ AND MATH DOMAIN
proteins (BPMs), substrate adaptors for Cullin3-based E3 ubiquitin
ligase, are the long-sought factors responsible for NRD-dependent
DREB2A degradation. Through DREB2A degradation, BPMs neg-
atively regulate the heat stress response and prevent the adverse
effects of excess DREB2A on plant growth. Furthermore, we found
the BPM recognition motif in various transcription factors, implying
a general contribution of BPM-mediated proteolysis to divergent
cellular responses via an accelerated turnover of transcription
factors. (See pp. E8528–E8536.)

Exposure to seismic air gun signals causes physiological
harm and alters behavior in the scallop
Pecten fumatus

Ryan D. Day, Robert D. McCauley, Quinn P. Fitzgibbon, Klaas Hartmann,
and Jayson M. Semmens

Seismic surveys are used around the world as the primary means
to explore for oil and gas deposits. Almost nothing is known re-
garding the impact of these sound signals on marine in-
vertebrates. In this study, the physiological and behavioral effects
of exposure on a commercially important bivalve, the scallop,
were quantified. Following a field-based air gun exposure re-
gime, exposed scallops were found to have significantly in-
creased mortality rates; disrupted behavioral patterns and reflex
responses, both during and following exposure; and altered he-
molymph biochemistry, physiology, and osmoregulation capac-
ity. These results indicate that air gun exposure has a harmful
impact on scallops and raises concern over the impact on bi-
valves, due to their global ecological and economic importance.
(See pp. E8537–E8546.)
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