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Multifunctional, inexpensive, and reusable
nanoparticle-printed biochip for cell
manipulation and diagnosis
Rahim Esfandyarpour, Matthew J. DiDonato, Yuxin Yang,
Naside Gozde Durmus, James S. Harris, and Ronald W. Davis

Point-of-care diagnostics in the developing world and
resource-limited areas require numerous special de-
sign considerations to provide effective early de-
tection of disease. Of particular need for these
contexts are diagnostic technologies featuring low
costs, ease of use, and broad applicability. Here we
present a nanoparticle-inkjet-printable microfluidics-
based platform that fulfills these criteria and that we
expect to significantly reduce the footprint, com-
plexity, and cost of clinical diagnostics. This reusable
$0.01 platform is miniaturized to handle small sample
volumes and can perform numerous analyses. It can
perform complex, minimally invasive analyses of sin-
gle cells without specialized equipment and person-
nel. This inexpensive, accessible platform has broad
applications in precision diagnostics and is a step
toward the democratization of medical technologies.
(See pp. E1306–E1315.)

Estrogen receptor α wields treatment-specific
enhancers between morphologically similar
endometrial tumors
Marjolein Droog, Ekaterina Nevedomskaya, Gwen M.
Dackus, Renske Fles, Yongsoo Kim, Harry Hollema, Marian
Mourits, Petra M. Nederlof, Hester H. van Boven, Sabine C.
Linn, Flora E. van Leeuwen, Lodewyk F. A. Wessels,
and Wilbert Zwart

This study shows that the hormonal environment in
which a tumor originates may affect a hormone re-
ceptor’s enhancer usage. We further show that en-
hancer function is less tissue specific than previously
thought. By implementing ChIP sequencing in a unique
patient cohort, we compared estrogen receptor α (ERα)
profiles in endometrial tumors that developed in dif-
ferent hormonal environments and integrated these
comparisons with transcriptomic data. Our data
show that tumors associated with therapeutic in-
tervention have a distinct ERα DNA-binding signa-
ture with regulatory potentials that resemble ERα-
binding patterns in breast cancer. These results
highlight the value of cistromic analyses in clinical
specimens, which enabled us to distinguish subtypes
of tumors on the level of transcriptional regulation.
(See pp. E1316–E1325.)

Kinetics, subcellular localization, and
contribution to parasite virulence of
a Trypanosoma cruzi hybrid type A
heme peroxidase (TcAPx-CcP)
Martín Hugo, Alejandra Martínez, Madia Trujillo, Damián
Estrada, Mauricio Mastrogiovanni, Edlaine Linares, Ohara
Augusto, Federico Issoglio, Ari Zeida, Darío A. Estrín, Harry F. G.
Heijnen, Lucía Piacenza, and Rafael Radi

Trypanosoma cruzi, the causative agent of Chagas
disease, affects 8–10 million people in Latin America.
Parasite antioxidant systems are essential for parasite
survival and infectivity in the vertebrate host. Herein,
we characterized the enzymic properties, subcellular
localization, and contribution to parasite virulence
of a T. cruzi hybrid type A member of class I heme
peroxidases. The enzyme reacts fast with hydrogen
peroxide and utilizes both ferrocytochrome c and
ascorbate as reducing substrates [T. cruzi ascorbate
peroxidase (TcAPx)-cytochrome c peroxidase (CcP)].
A unique subcellular distribution of TcAPx-CcP in the
infective stages suggests a role during parasite–host
interactions. Infection of macrophages and car-
diomyocytes, as well as in mice, confirmed the in-
volvement of TcAPx-CcP in pathogen virulence as
part of the parasite antioxidant armamentarium.
(See pp. E1326–E1335.)

Reaction dynamics analysis of a reconstituted
Escherichia coli protein translation system by
computational modeling
Tomoaki Matsuura, Naoki Tanimura, Kazufumi Hosoda,
Tetsuya Yomo, and Yoshihiro Shimizu

Biological systems are driven by multiple compo-
nents and interactions that form a complex reaction
network. We developed a method to analyze their
dynamics by focusing on the component in tempo-
ral plateaus, or a quasi-stationary state (QSS). The
analyses, using a computational model of a minimal
in vitro protein synthesis system, showed that com-
ponents in a QSS form clusters that grow over time.
However, the growth is not in a linear fashion: The
process involved collapse and regrowth of the
formed clusters, where the collapse was closely
related to the phase transition in the reaction net-
work. These observations suggest that the studies
focusing on the QSS might be useful for un-
derstanding of complex reaction dynamics. (See pp.
E1336–E1344.)
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Cdon deficiency causes cardiac remodeling through
hyperactivation of WNT/β-catenin signaling
Myong-Ho Jeong, Hyun-Ji Kim, Jung-Hoon Pyun, Kyu-Sil Choi, Dong I.
Lee, Soroosh Solhjoo, Brian O’Rourke, Gordon F. Tomaselli, Dong Seop
Jeong, Hana Cho, and Jong-Sun Kang

Upon injury, reactivated Wnt/β-catenin signaling is implicated in
cardiac remodeling and cardiomyopathy, thus it is an attractive
target for intervention of cardiac diseases. Here, we demonstrate
a role of a cell surface receptor Cdon in preventing cardiac
remodeling through suppression of Wnt signaling. Cdon−/− mice
develop cardiac dysfunction and fibrosis with altered expression
of remodeling genes. Cdon deficiency causes aberrant localiza-
tion and function of gap junction protein connexin 43, correlating
with hyperactivated Wnt signaling. Blocking of Wnt signaling in
Cdon-depleted cardiomyocytes attenuates aberrant intercellular
coupling. Conversely, Wnt activator causes aberrant activation of
gap junction with decreased Cdon levels, suggestive of a feed-
back mechanism. These data suggest that Cdon is required for
the control of Wnt signaling to prevent cardiac remodeling. (See
pp. E1345–E1354.)

Phosphorylation of cardiac myosin binding protein C
releases myosin heads from the surface of cardiac
thick filaments
Robert W. Kensler, Roger Craig, and Richard L. Moss

Cardiac myosin binding protein C (cMyBP-C) is an important reg-
ulator of myocardial contraction, but its mechanism of action is
unclear. In this study, we examined the structure of thick filaments
from the hearts of mice in which the three serine residues that are
phosphorylated by protein kinase A in the m-domain of cMyBP-C
were replaced by either alanine or aspartic acid to mimic either the
nonphosphorylated or phosphorylated state of cMyBP-C. In con-
trast to earlier work on rat cardiac filaments, the results support
a model in which nonphosphorylated cMyBP-C stabilizes the
relaxed/superrelaxed ordered “off-state” conformation of the heads
while phosphorylation weakens the binding of the heads to the
thick filament surface, increasing the probability of interaction
with actin. (See pp. E1355–E1364.)

Molecular basis of fatty acid selectivity in the zDHHC family
of S-acyltransferases revealed by click chemistry
Jennifer Greaves, Kevin R. Munro, Stuart C. Davidson, Matthieu
Riviere, Justyna Wojno, Terry K. Smith, Nicholas C. O. Tomkinson,
and Luke H. Chamberlain

S-acylation, the attachment of different fatty acids onto cysteine
residues, regulates the activity of a diverse array of cellular pro-
teins. This reversible posttranslational modification is essential for
normal physiology, and defects are linked to human disease.
S-acylation is catalyzed by a large family of zDHHC S-acyl-
transferases that use a cellular pool of diverse fatty acyl-CoAs as
substrates. Using chemically synthesized probes, we show that
individual zDHHC enzymes have marked differences in fatty acid
selectivity and identify the underlying molecular basis for this
property. This study identifies how acyl chain heterogeneity of
S-acylated proteins is generated and is significant because the
chemical nature of the attached S-acyl chain can fundamentally
impact protein behavior. (See pp. E1365–E1374.)

Myofibril breakdown during atrophy is a delayed
response requiring the transcription factor PAX4
and desmin depolymerization
Alexandra Volodin, Idit Kosti, Alfred Lewis Goldberg, and Shenhav Cohen

Muscle wasting as occurs with disuse, spinal injuries, aging, and
many diseases (including cancer, sepsis, and renal failure) results
primarily from the accelerated destruction of the myofibrillar
apparatus, although the molecular mechanisms for this effect
are largely unclear. To gain insight into the sequence of events
leading to myofibril destruction, we studied the atrophy in-
duced by denervation. We found that phosphorylation and
ubiquitination of the desmin cytoskeleton precede its de-
polymerization, which eventually causes myofibril destruction.
We further uncovered a delayed phase in the atrophy process,
which involves the induction of genes that facilitate myofibril
breakdown, including the AAA-ATPase p97/VCP, by the tran-
scription factor paired box 4 (PAX4). Consequently, desmin phos-
phorylation, p97/VCP, and PAX4 may represent new therapeutic
targets to reduce myofibril breakdown during atrophy. (See pp.
E1375–E1384.)

Myosin-driven transport network in plants
Elizabeth G. Kurth, Valera V. Peremyslov, Hannah L. Turner, Kira S.
Makarova, Jaime Iranzo, Sergei L. Mekhedov, Eugene V. Koonin,
and Valerian V. Dolja

A key feature of plant cells is rapid cytoplasmic streaming that
is driven by myosin motors. However, specific mechanisms of
myosin-dependent streaming are poorly understood. Here, we
characterize a dense network of plant myosins and their re-
ceptors and adaptors that, jointly with myosins, appear to
mediate cytoplasmic streaming through distinct endomem-
brane compartments. We additionally present data suggestive
of a myosin-dependent nucleocytoplasmic trafficking pathway.
The myosin network is an ancient functional module that was
already present in the common ancestor of green algae and
land plants but underwent a major expansion in the latter,
probably contributing to land colonization by plants. (See pp.
E1385–E1394.)

Targeting IRE1 with small molecules counteracts
progression of atherosclerosis
Ozlem Tufanli, Pelin Telkoparan Akillilar, Diego Acosta-Alvear, Begum
Kocaturk, Umut Inci Onat, Syed Muhammad Hamid, Ismail Çimen, Peter
Walter, Christian Weber, and Ebru Erbay

Endoplasmic reticulum (ER) stress is linked to the develop-
ment of complex metabolic diseases, including diabetes,
obesity, and atherosclerosis. Irremediable ER stress can
push the unfolded protein response (UPR) toward proin-
flammatory and proapoptotic signaling. The need to disso-
ciate the adaptive UPR responses from its destructive
outputs has become a major challenge for therapeutic
strategies aimed at mitigating ER stress that is often ob-
served in chronic diseases. Our findings show that inositol-
requiring enzyme 1 (IRE1) plays a critical role in metaflam-
mation and that administering IRE1-specific inhibitors to
hyperlipidemic mice counteracts atherosclerosis progression.
(See pp. E1395–E1404.)
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An amidase is required for proper intercellular
communication in the filamentous cyanobacterium
Anabaena sp. PCC 7120
Zhenggao Zheng, Amin Omairi-Nasser, Xiying Li, Chunxia Dong, Yan Lin,
Robert Haselkorn, and Jindong Zhao

The filamentous cyanobacterium Anabaena has become a
widely studied model to determine the molecular mechanisms
involved in establishing and maintaining the pattern of hetero-
cyst differentiation in response to the removal of fixed nitrogen
from the environment. Heterocysts develop from vegetative
cells, usually spaced about 10 cells apart, converting an oxic cell
capable of division into an anoxic factory for nitrogen fixation
that does not divide. Genetic analysis to elucidate the mecha-
nisms of intercellular material exchange between heterocysts
and vegetative cells is in an early phase. Here we show that an
amidase is involved in the function of channels that penetrate
the rigid peptidoglycan walls that separate cells in the filaments.
(See pp. E1405–E1412.)

RhoA knockout fibroblasts lose tumor-inhibitory capacity
in vitro and promote tumor growth in vivo
Twana Alkasalias, Andrey Alexeyenko, Katharina Hennig, Frida
Danielsson, Robert Jan Lebbink, Matthew Fielden, S. Pauliina Turunen,
Kaisa Lehti, Vladimir Kashuba, Harsha S. Madapura, Benedek Bozoky,
Emma Lundberg, Martial Balland, Hayrettin Guvén, George Klein, Annica K. B.
Gad, and Tatiana Pavlova

In order for cancer to develop, normal tumor-inhibitory fibro-
blasts need to change into tumor-promoting, cancer-associated
fibroblasts. We created Ras homolog family member A (RhoA)
gene knockout fibroblasts and found that even though these cells
lacked common markers of classic cancer-associated fibroblasts,
they had lost their normal tumor-inhibitory capacity and induced
tumor-cell migration and proliferation in vitro and tumor growth
in vivo. RhoA knock-out cells also showed an altered cytoskele-
ton, reduced contractile force, and induced stiffness of the fi-
broblasts. RhoA knockout also induced a loss of α-smooth muscle
actin and an activated proinflammatory state, which was reflec-
ted by interference with a number of Rho signaling cascades.
Our data indicate that RhoA is a key regulator of the switch
from tumor-inhibitory to tumor-promoting fibroblasts. (See pp.
E1413–E1421.)

Gata4 potentiates second heart field proliferation
and Hedgehog signaling for cardiac septation
Lun Zhou, Jielin Liu, Menglan Xiang, Patrick Olson, Alexander Guzzetta,
Ke Zhang, Ivan P. Moskowitz, and Linglin Xie

Dominant GATA4 mutations cause congenital heart defects in hu-
mans, but the mechanistic basis whereby Gata4 haploinsufficiency
causes disease is unknown. We demonstrate that Gata4 is required in
a subset of cardiac progenitor cells called the “second heart field” for
cardiac septation. Furthermore, we identified two distinct pathways
downstream of Gata4, phosphatase and tensin homolog (Pten)-
modulated cell-cycle transition and Hedgehog signaling, which ap-
pear to act independently. Restoration of either Pten-mediated cell-
cycle transition or Hedgehog signaling restored cardiac septation in
Gata4-mutant mice, suggesting that defects in both pathways are
required for disease causation. This work generates a working model
for understanding the molecular basis of human congenital heart
disease caused by dominant transcription factor mutations. (See pp.
E1422–E1431.)

Intestinal NCoR1, a regulator of epithelial cell maturation,
controls neonatal hyperbilirubinemia
Shujuan Chen, Wenqi Lu, Mei-Fei Yueh, Eva Rettenmeier, Miao Liu, Johan
Auwerx, Ruth T. Yu, Ronald M. Evans, Kepeng Wang, Michael Karin,
and Robert H. Tukey

In many parts of the world, especially in low- and middle-income
countries, severe neonatal hyperbilirubinemia (SNH) is associated
with substantial mortality and long-term morbidities. Although the
immediate and rapid rise in total serum bilirubin (TSB) originating
from lysis of red blood cells has been linked to genetic pre-
disposition, preterm births, and blood type incompatibilities, the in-
ability to efficiently metabolize bilirubin results from delayed
expression of UDP-glucuronosyltransferase 1A1 (UGT1A1). In this
study, the mechanism associated with delayed expression of the
human UGT1A1 gene in neonatal mice that are humanized for
the UGT1 locus is described. Neonatal humanized UGT1 (hUGT1)
mice develop SNH and control TSB levels by nuclear receptor
corepressor 1 (NCoR1)-directed repression of intestinal epithelial
cell maturation, an event linked to expression of the UGT1A1
gene. (See pp. E1432–E1440.)

Reconciling fisheries catch and ocean productivity
Charles A. Stock, Jasmin G. John, Ryan R. Rykaczewski, Rebecca G. Asch,
William W. L. Cheung, John P. Dunne, Kevin D. Friedland, Vicky W. Y. Lam,
Jorge L. Sarmiento, and Reg A. Watson

Phytoplankton provide the energy that sustains marine fish pop-
ulations. The relationship between phytoplankton productivity and
fisheries catch, however, is complicated by uncertainty in catch
estimates, fishing effort, and marine food web dynamics. We enlist
global data sources and a high-resolution earth system model
to address these uncertainties. Results show that cross-eco-
system fisheries catch differences far exceeding differences in
phytoplankton production can be reconciled with fishing effort
and variations in marine food web structure and energy
transfer efficiency. Food web variations explaining contem-
porary fisheries catch act to amplify projected catch trends
under climate change, suggesting catch changes that may
exceed a factor of 2 for some regions. Failing to account
for this would hinder adaptation to climate change. (See pp.
E1441–E1449.)

Selection maintains signaling function of a highly diverged
intrinsically disordered region
Taraneh Zarin, Caressa N. Tsai, Alex N. Nguyen Ba, and Alan M. Moses

Intrinsically disordered regions (IDRs) are widespread, have di-
verse functions, and are involved in human disease. Because
standard sequence analysis methods identify little sequence ho-
mology in IDRs, it is not currently understood whether (or how)
the functions of these protein regions are preserved over
evolution. Here we show that orthologous IDRs can preserve
regulatory functions despite near-complete sequence diver-
gence. This suggests that natural selection maintains aggre-
gate molecular properties in IDRs, which we propose to be
quantitative traits. Consistent with this, we find signatures of
stabilizing selection on the electrostatic properties of IDRs.
Thus, in analogy to the rapid evolution of noncoding DNA in
eukaryotic enhancers, divergence in primary amino acid se-
quence does not imply functional divergence in IDRs. (See pp.
E1450–E1459.)
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Dynamics of genome size evolution in birds and mammals
Aurélie Kapusta, Alexander Suh, and Cédric Feschotte

Deciphering the forces and mechanisms modulating genome size is
central to our understanding of molecular evolution, but the subject
has been understudied in mammals and birds. We took advantage
of the recent availability of genome sequences for a wide range of
species to investigate the mechanism underlying genome size
equilibrium over the past 100 million years. Our data provide evi-
dence for an “accordion” model of genome size evolution in birds
and mammals, whereby the amount of DNA gained by transposable
element expansion, which greatly varies across lineages, was
counteracted by DNA loss through large segmental deletions. Par-
adoxically, birds and bats have more compact genomes relative to
their flightless relatives but exhibit more dynamic gain and loss
of DNA. (See pp. E1460–E1469.)

Low escape-rate genome safeguards with minimal
molecular perturbation of Saccharomyces cerevisiae

Neta Agmon, Zuojian Tang, Kun Yang, Ben Sutter, Shigehito Ikushima,
Yizhi Cai, Katrina Caravelli, James A. Martin, Xiaoji Sun, Woo Jin Choi,
Allen Zhang, Giovanni Stracquadanio, Haiping Hao, Benjamin P. Tu, David
Fenyo, Joel S. Bader, and Jef D. Boeke

As the use of synthetic biology grows, there is an increasing need
to ensure biocontainment both to protect engineered proprietary
strains and to mitigate potential inadvertent or advertent release
to the environment. Here, we screen for the best-performing
construct for essential gene-dependent transcriptional safe-
guards (SGs) in yeast. We have engineered strains that have
near-WT fitness and a low escape rate, and grow in the pres-
ence of a nanomolar concentration of essential supplement. We
also improved our “safeguard” construct by promoter engi-
neering, as well as by analyzing a series of potential “decoy
molecules” that could be used to mask the existence of critical
chemical ligands required to grow the SG strain. (See pp.
E1470–E1479.)

TGF-β inhibitor Smad7 regulates dendritic
cell-induced autoimmunity
Dominika Lukas, Nir Yogev, Junda M. Kel, Tommy Regen, Ilgiz A. Mufazalov,
Yilang Tang, Florian Wanke, Boris Reizis, Werner Müller, Florian C. Kurschus,
Marco Prinz, Ingo Kleiter, Björn E. Clausen, and Ari Waisman

Smad7 is a negative regulator of TGF-β signaling, a cytokine with
anti-inflammatory properties. Although TGF-β was implicated in
the development and function of dendritic cells (DCs), the in vivo
role of Smad7 in DCs remains elusive. Here, we demonstrate that
DC-specific Smad7 deletion affects the development of splenic
CD8+CD103+ DCs by regulating expression of the transcription
factors Batf3 and IRF8. In addition, Smad7 directs DC function by
regulating the expression of indoleamine 2,3-dioxygenase in re-
sponse to IFN-γ signaling. Hence, absent Smad7 in DCs mediates
resistance of mice to the development of autoimmunity via
protective regulatory T-cell induction. These findings demon-
strate that Smad7 expression governs splenic DC subset dif-
ferentiation and affects tolerogenic DC function in vivo. (See
pp. E1480–E1489.)

Dnmt3a restrains mast cell inflammatory responses
Cristina Leoni, Sara Montagner, Andrea Rinaldi, Francesco Bertoni, Sara
Polletti, Chiara Balestrieri, and Silvia Monticelli

Methylation of genomic DNA is an epigenetic modification at the
interface between genetic information and environmental stimuli

underlying many phenotypic variations in the human population
as well as the pathogenesis of complex diseases. Accordingly,
mutations in the de novo DNA methyltransferase enzyme
DNMT3A have been identified in a number of diseases, including
mast cell-related disorders. However, the role of DNA methyl-
ation and DNMT3A in regulating mast cell physiology still needs
to be elucidated. Here, we found that Dnmt3a plays a critical role
in modulating mast cell responsiveness to acute and chronic
stimulation, potentially implicating DNA methylation-mediated
processes in all types of mast cell-related diseases. (See pp.
E1490–E1499.)

SGK3 sustains ERα signaling and drives acquired
aromatase inhibitor resistance through maintaining
endoplasmic reticulum homeostasis
Yuanzhong Wang, Dujin Zhou, Sheryl Phung, Charles Warden, Rumana
Rashid, Nymph Chan, and Shiuan Chen

Acquired aromatase inhibitor (AI) resistance is a major clinical issue
in the treatment of estrogen receptor alpha (ERα)-positive breast
cancer. Most AI-resistant breast tumors still express ERα and rely
on its signaling for growth. The current study shows that serum-
and glucocorticoid-inducible kinase 3 (SGK3), a kinase tran-
scriptionally regulated by ERα in breast cancer, sustains ERα
signaling and drives the acquired AI resistance by protecting
against endoplasmic reticulum (EnR) stress-induced ERα down-
regulation and cell death through preserving sarcoplasmic/EnR
calcium ATPase 2b (SERCA2b) function. Our study reveals
regulation of ERα expression mediated by the EnR stress re-
sponse and highlights SGK3 inhibition as a potential effective
treatment of acquired AI-resistant breast cancer. (See pp.
E1500–E1508.)

Gene activation of SMN by selective disruption of
lncRNA-mediated recruitment of PRC2 for the
treatment of spinal muscular atrophy
Caroline J. Woo, Verena K. Maier, Roshni Davey, James Brennan,
Guangde Li, John Brothers II, Brian Schwartz, Susana Gordo, Anne
Kasper, Trevor R. Okamoto, Hans E. Johansson, Berhan Mandefro, Dhruv
Sareen, Peter Bialek, B. Nelson Chau, Balkrishen Bhat, David Bullough,
and James Barsoum

Autosomal recessive mutations or deletions of the gene Survival
Motor Neuron 1 (SMN1) cause spinal muscular atrophy, a neurode-
generative disorder. Transcriptional up-regulation of a nearly identi-
cal gene, SMN2, can functionally compensate for the loss of SMN1,
resulting in increased SMN protein to ameliorate the disease se-
verity. Here we demonstrate that the repressed state of SMN2 is
reversible by interrupting the recruitment of a repressive epigenetic
complex in disease-relevant cell types. Using chemically modified
oligonucleotides to bind at a site of interaction on a long noncoding
RNA that recruits the repressive complex, SMN2 is epigeneti-
cally altered to create a transcriptionally permissive state. (See
pp. E1509–E1518.)

Bordetella PlrSR regulatory system controls BvgAS activity
and virulence in the lower respiratory tract
M. Ashley Bone, Aaron J. Wilk, Andrew I. Perault, Sara A. Marlatt, Erich V.
Scheller, Rebecca Anthouard, Qing Chen, Scott Stibitz, Peggy A. Cotter,
and Steven M. Julio

Bordetella spp. includes Bordetella pertussis, the causal agent of
whooping cough. The Bordetella virulence gene (BvgAS) two-
component regulatory system (TCS) is considered the “master
virulence regulator” in Bordetella, as it controls expression of all
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known virulence factor-encoding genes. We show here that an-
other TCS, PlrSR, is required for BvgAS activity in the lower re-
spiratory tract (LRT) and for virulence even when BvgAS is
rendered constitutively active, suggesting that it controls critical
functions for bacterial survival in the LRT independently of
BvgAS. Our data introduce a new layer of complexity to a para-
digm of Bordetella virulence control that has held for more than
30 y, and they indicate the existence of previously unknown
bacterial factors that may serve as vaccine components and
therapeutic targets. (See pp. E1519–E1527.)

ACSS2-mediated acetyl-CoA synthesis from acetate is
necessary for human cytomegalovirus infection
Anna Vysochan, Arjun Sengupta, Aalim M. Weljie, James C. Alwine,
and Yongjun Yu

Viruses rely completely on host cell metabolism to provide the
building blocks and energy required for producing progeny virions.
Infection by human cytomegalovirus (HCMV) induces significant al-
terations in glucose metabolism by increasing glucose uptake and
glycolysis as well as redirecting glucose carbon to support the syn-
thesis of biomolecules such as lipids. The significance of acetate as a
nutrient has been ignored for a long period. Our studies show that
glucose carbon can be converted to acetate and used to make cy-
tosolic acetyl-CoA by acetyl-CoA synthetase short-chain family
member 2 (ACSS2) for lipid synthesis, which is important for HCMV-
induced lipogenesis and the viral growth. The study provides greater
understanding of HCMV pathogenesis and suggests strategies to
develop antiviral therapies. (See pp. E1528–E1535.)

Proteomic analysis reveals O-GlcNAc modification on
proteins with key regulatory functions in Arabidopsis

Shou-Ling Xu, Robert J. Chalkley, Jason C. Maynard, Wenfei Wang,
Weimin Ni, Xiaoyue Jiang, Kihye Shin, Ling Cheng, Dasha Savage,
Andreas F. R. Hühmer, Alma L. Burlingame, and Zhi-Yong Wang

Studies in mammalian systems have shown important functions
of O-linked N-acetylglucosamine (O-GlcNAc) modification of
proteins (O-GlcNAcylation) in a wide range of cellular, physio-
logical, and disease processes. Genetic evidence indicates that
O-GlcNAcylation is essential for plant growth and development.
However, very few O-GlcNAc–modified proteins have been
identified in plants. Here, we report identification of 262
O-GlcNAc–modified proteins in Arabidopsis, revealing both
conserved and distinct functions of O-GlcNAc modification in
plants. This study uncovers potentially important functions of
O-GlcNAcylation in many cellular and developmental pathways
and also provides a large number of modification sites for further
genetic and molecular dissection of these specific functions.
Our study provides the framework of an O-GlcNAc modification
network underlying plant growth and development. (See pp.
E1536–E1543.)

Loss of GET pathway orthologs in Arabidopsis thaliana
causes root hair growth defects and affects
SNARE abundance
Shuping Xing, Dietmar Gerald Mehlhorn, Niklas Wallmeroth, Lisa Yasmin
Asseck, Ritwika Kar, Alessa Voss, Philipp Denninger, Vanessa Aphaia Fiona
Schmidt, Markus Schwarzländer, York-Dieter Stierhof, Guido Grossmann,
and Christopher Grefen

Root hairs are unicellular extensions of the rhizodermis, providing
anchorage and an increase in surface area for nutrient and water
uptake. Their fast, tip-focused growth showcases root hairs as an
excellent genetic model to study physiological and developmental
processes on the cellular level. We uncovered a root hair pheno-
type that is dependent on putative Arabidopsis orthologs of the
Guided Entry of Tail-anchored (TA) proteins (GET) pathway, which
facilitates membrane insertion of TA proteins in yeast and mam-
mals. We found that plants have evolved multiple paralogs of
specific GET pathway components, albeit in a compartment-spe-
cific manner. In addition, we show that differential expression of
pathway components causes pleiotropic growth defects, suggest-
ing alternative pathways for TA insertion and additional functions
of GET in plants. (See pp. E1544–E1553.)

PPR-SMR protein SOT1 has RNA endonuclease activity
Wen Zhou, Qingtao Lu, Qingwei Li, Lei Wang, Shunhua Ding, Aihong
Zhang, Xiaogang Wen, Lixin Zhang, and Congming Lu

Our results demonstrate that SUPPRESSOR OF THYLAKOID
FORMATION 1 (SOT1), an Arabidopsis pentatricopeptide repeat (PPR)
protein with a small MutS-related (SMR) domain, has endonuclease
activity. The SMR moiety of SOT1 performs the endonucleolytic mat-
uration of 23S and 4.5S rRNA through the PPR domain specifically
recognizing a 13-nucleotide RNA sequence in the 5′ end of the
chloroplast 23S–4.5S rRNA precursor. Our results also show that SOT1
can be engineered to recognize and cleave a predicted RNA substrate.
Our findings suggest that SOT1 could be used as a tool for RNA
manipulation in the future. (See pp. E1554–E1563.)

Human and rat gut microbiome composition is maintained
following sleep restriction
Shirley L. Zhang, Lei Bai, Namni Goel, Aubrey Bailey, Christopher J. Jang,
Frederic D. Bushman, Peter Meerlo, David F. Dinges, and Amita Sehgal

It is widely presumed that there is a relationship between sleep
and the gut microbiome because both sleep restriction and
dysbiosis of the gut microbiome are associated with metabolic
diseases such as obesity and diabetes. Here, we report sleep
restriction over several consecutive days does not overtly influ-
ence the composition of the microbiome of either rats or humans,
despite both species showing other changes associated with
sleep loss. These analyses suggest that sleep loss and microbial
dysbiosis have independent effects on the development of
metabolic diseases. (See pp. E1564–E1571.)
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