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Random subsets of structured deterministic
frames have MANOVA spectra
Marina Haikin, Ram Zamir, and Matan Gavish

A frame (overcomplete set of vectors) represents an
analog coding scheme. Deterministic frame con-
structions offer useful codes for communication and
signal processing tasks. When the coded signal only
uses a random subset of the frame vectors (for ex-
ample, in compressed sensing), the coding quality is
determined by the typical covariances within subsets
of frame vectors. We provide a method to calculate
functions of these typical covariances, which predict
specific performance measures of the corresponding
coding scheme. Our method uses a universality prop-
erty: for many well-known deterministic and random
frames, typical covariances within subsets of frame vec-
tors do not depend on the frame and are described by
the MANOVA (multivariate ANOVA) ensemble, a clas-
sical object in statistics and random matrix theory. (See
pp. E5024–E5033.)

Broken flow symmetry explains the dynamics of
small particles in deterministic lateral
displacement arrays
Sung-Cheol Kim Benjamin H. Wunsch, Huan Hu, Joshua T.
Smith, Robert H. Austin, and Gustavo Stolovitzky

Deterministic lateral displacement (DLD) is a tech-
nique for size fractionation of particles in continuous
flow that has shown great potential for biological and
clinical applications. Several theoretical models have
been proposed to explain the trajectories of different-
sized particles in relation to the geometry of the pillar
array, but experimental evidence has demonstrated
that a rich class of intermediate migration behavior
exists, which is not predicted by models. In this work,
we present a unified theoretical framework to infer
the trajectory of particles in the whole array on the
basis of trajectories in the unit cell. This framework
explains many of the unexpected particle trajectories
reported in literature and can be used to design ar-
rays for the fractionation of particles, even at the
smallest scales reaching the molecular realm. We also
performed experiments that verified our predictions,
even at the nanoscales. Using our model as a set of
design rules, we developed a condenser structure
that achieves full particle separation with a single
fluidic input. (See pp. E5034–E5041.)

Cupriphication of gold to sensitize d10–d10

metal–metal bonds and near-unity
phosphorescence quantum yields
Rossana Galassi, Mukunda M. Ghimire, Brooke M. Otten,
Simone Ricci, Roy N. McDougald Jr., Ruaa M. Almotawa,
Dieaa Alhmoud, Joshua F. Ivy, Abdel-Monem M. Rawashdeh,
Vladimir N. Nesterov, Eric W. Reinheimer, Lee M. Daniels,
Alfredo Burini, and Mohammad A. Omary

Closed-shell metal–metal bonds are experimentally
and theoretically substantiated as bona fide polar-
covalent/ligand-unassisted/ground-state Cu(I)–Au(I)
d10–d10 bonds. Counterintuitively, replacing some of
the gold content with copper leads to stronger metal–
metal bonding (despite the lesser relativistic effects in
Cu vs. Au) and higher phosphorescence quantum effi-
ciency [despite much lower spin-orbit coupling con-
stants (ξSOC) for 3d vs. 5d orbitals]. The former results
are attributed to greater orbital mixing between (n+1)s/p
orbitals of one metal with filled nd10 orbitals of
the other metal in the heterometallic vs. homometallic
system, whereas the near-unity photoluminescence
quantum yields and higher extinction coefficients in
mixed-metal (Au/Cu) heterometallic vs. homometallic
systems are attributed to symmetry reduction. The
latter results are promising for enabling societally
useful technologies (e.g., Ir-/rare-earth-free LEDs). (See
pp. E5042–E5051.)

Peripheral modifications of
[Ψ[CH2NH]Tpg4]vancomycin with added
synergistic mechanisms of action provide
durable and potent antibiotics
Akinori Okano, Nicholas A. Isley, and Dale L. Boger

In a quest for antibiotics that may display durable clinical
lifetimes, analogs of the glycopeptide antibiotics, in-
cluding vancomycin, have been designed that not only
directly overcome the molecular basis of existing van-
comycin resistance but also contain two added periph-
eral modifications that endow them with two additional
independent mechanisms of actions not found in the
parent antibiotics. It is shown that such peripherally and
binding pocket-modified vancomycin analogs display
little propensity for acquired resistance by vancomycin-
resistant Enterococci and that both their antimicrobial
potency and durability against such challenges follow
trends (three > two > one mechanisms of action) that
are now predictable. (See pp. E5052–E5061.)
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Interface-induced multiferroism by design in complex
oxide superlattices
Hangwen Guo, Zhen Wang, Shuai Dong, Saurabh Ghosh, Mohammad
Saghayezhian, Lina Chen, Yakui Weng, Andreas Herklotz, Thomas Z.
Ward, Rongying Jin, Sokrates T. Pantelides, Yimei Zhu, Jiandi Zhang,
and E. W. Plummer

Developments in synthesis and characterizing artificially structured
materials have greatly advanced the possibility to explore new states
of matter in material science. Recent discoveries show that new
quantum states can be achieved at heterointerfaces with various
electric and mechanical boundary conditions. It remains an open
question of how to design ultrathin layers with properties inaccessible
in bulk phases that are amenable to technological applications. In this
work, we grow heterostructures with extremely high-quality interfaces
shown by state-of-the-art atomically resolved electron microscopy
and spectroscopy. This combination allows us to identify an interface-
induced structure that stabilizes ferromagnetism. Coupled with
theory, we provide a conceptually useful recipe to design low-
dimensional materials with unique functionalities, in line with
the loop “make, measure, model.” (See pp. E5062–E5069.)

Network dynamics of social influence in the wisdom
of crowds
Joshua Becker, Devon Brackbill, and Damon Centola

Since the discovery of the wisdom of crowds over 100 years ago
theories of collective intelligence have held that group accuracy re-
quires either statistical independence or informational diversity
among individual beliefs. Empirical evidence suggests that allowing
people to observe the beliefs of others leads to increased similarity of
individual estimates, reducing independence and diversity without a
corresponding increase in group accuracy. As a result, social influ-
ence is expected to undermine the wisdom of crowds. We present
theoretical predictions and experimental findings demonstrating that,
in decentralized networks, social influence generates learning dy-
namics that reliably improve the wisdom of crowds. We identify
general conditions under which influence, not independence, pro-
duces the most accurate group judgments. (See pp. E5070–E5076.)

Immunoengineering nerve repair
Nassir Mokarram, Kyle Dymanus, Akhil Srinivasan, Johnathan G. Lyon,
John Tipton, Jason Chu, Arthur W. English, and Ravi V. Bellamkonda

Annually, more than 250,000 Americans suffer from a peripheral
nerve injury, which results in a loss of function and a compromised
quality of life. The current clinical gold standard to bridge long,
nonhealing nerve gaps, the autograft, has several drawbacks.
Therefore, there is a clear and urgent unmet clinical need for
an alternative approach that can match or exceed autograft
performance. Here we investigated the regenerative effect of
fractalkine, a chemokine that preferentially recruits reparative
monocytes in the synthetic nerve conduit. Our method of bridging
gaps enhanced axonal regeneration and muscle reinnervation
and showed results comparable to those observed in autografts.
(See pp. E5077–E5084.)

Computationally optimized deimmunization libraries yield
highly mutated enzymes with low immunogenicity and
enhanced activity
Regina S. Salvat, Deeptak Verma, Andrew S. Parker, Jack R. Kirsch, Seth A.
Brooks, Chris Bailey-Kellogg, and Karl E. Griswold

Nature produces a variety of proteins that could be tapped for
therapeutic applications. This paper focuses on the bacterial

enzyme β-lactamase, a component of antibody-directed enzyme
prodrug therapies designed to activate cytotoxic prodrugs selec-
tively at sites of malignancy. Unfortunately, like many other non-
human proteins, β-lactamase evokes an antidrug immune response
that limits its clinical potential. This paper demonstrates that a
multiobjective library-design method enables incorporation of
mutations throughout the protein, modifying portions that trigger
immune recognition while simultaneously preserving stability and
catalytic activity. The libraries were inherently enriched in beneficial
variants, and they produced numerous candidates that were both
highly functional and immunologically stealthy. The method is
general purpose and could enable functional deimmunization of
other biotherapeutic agents. (See pp. E5085–E5093.)

Mouse model of hematogenous implant-related
Staphylococcus aureus biofilm infection reveals
therapeutic targets
Yu Wang, Lily I. Cheng, David R. Helfer, Alyssa G. Ashbaugh, Robert J.
Miller, Alexander J. Tzomides, John M. Thompson, Roger V. Ortines,
Andrew S. Tsai, Haiyun Liu, Carly A. Dillen, Nathan K. Archer, Taylor S.
Cohen, Christine Tkaczyk, C. Kendall Stover, Bret R. Sellman,
and Lloyd S. Miller

Hematogenous implant-related infections are an important clinical
problem because bacteria spread from the bloodstream to a pre-
viously well-functioning implant and result in infectious complica-
tions and failure of a medical device or prosthesis. To study these
infections, we developed a preclinical animal model of a Staphy-
lococcus aureus hematogenous implant infection with the capa-
bility to monitor noninvasively and longitudinally the dissemination
of the bacteria from the blood to a surgically placed orthopedic
implant. Using this model, α-toxin and clumping factor A were
identified as key factors that contributed to the pathogenesis of
these infections by promoting biofilm formation. Finally, neutral-
izing antibodies against these factors provided a targeted, non-
antibiotic alternative approach to help prevent these difficult-to-
treat and costly infections. (See pp. E5094–E5102.)

Trigger loop of RNA polymerase is a positional, not acid–base,
catalyst for both transcription and proofreading
Tatiana V. Mishanina, Michael Z. Palo, Dhananjaya Nayak, Rachel A.
Mooney, and Robert Landick

Synthesis of new RNA and removal of incorrect nucleotides during
proofreading by RNA polymerase involve the transfer of two pro-
tons. Here, we show that a polymerase component, the trigger
loop, does not directly mediate proton transfer during these re-
actions, as previously proposed. Instead, the trigger loop plays a
central role in transcription as a positional catalyst, by orienting the
reactants and promoting the polymerase backtracking necessary
for proofreading. This positional-catalyst model of trigger-loop
function explains its diverse effects on polymerase catalysis and
reconciles contradictory reports in the literature. By establishing
that the trigger loop is not an acid–base catalyst, our results also
guide the search for alternative proton donors and acceptors for
reactions in the active site of polymerase. (See pp. E5103–E5112.)

Cas1 and the Csy complex are opposing regulators of
Cas2/3 nuclease activity
MaryClare F. Rollins, Saikat Chowdhury, Joshua Carter, Sarah M.
Golden, Royce A. Wilkinson, Joseph Bondy-Denomy, Gabriel C. Lander,
and Blake Wiedenheft

Prokaryotes have adaptive immune systems that rely on CRISPRs
(clustered regularly interspaced short palindromic repeats) and
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diverse CRISPR-associated (cas) genes. Cas1 and Cas2 are con-
served components of CRISPR systems that are essential for in-
tegrating fragments of foreign DNA into CRISPR loci. In type I-F
immune systems, the Cas2 adaptation protein is fused to the
Cas3 interference protein. Here we show that the Cas2/3 fusion
protein from Pseudomonas aeruginosa stably associates with the
Cas1 adaptation protein, forming a 375-kDa propeller-shaped
Cas1–2/3 complex. We show that Cas1, in addition to being an
essential adaptation protein, also functions as a repressor of Cas2/3
nuclease activity and that foreign DNA binding by the CRISPR RNA-
guided surveillance complex activates the Cas2/3 nuclease. (See pp.
E5113–E5121.)

Spacer capture and integration by a type I-F
Cas1–Cas2-3 CRISPR adaptation complex
Robert D. Fagerlund, Max E. Wilkinson, Oleg Klykov, Arjan Barendregt,
F. Grant Pearce, Sebastian N. Kieper, Howard W. R. Maxwell, Angela
Capolupo, Albert J. R. Heck, Kurt L. Krause, Mihnea Bostina, Richard A.
Scheltema, Raymond H. J. Staals, and Peter C. Fineran

CRISPR-Cas systems provide prokaryotic adaptive immunity
against invading genetic elements. For immunity, fragments of
invader DNA are integrated into CRISPR arrays by Cas1 and
Cas2 proteins. Type I-F systems contain a unique fusion of Cas2 to
Cas3, the enzyme responsible for destruction of invading DNA.
Structural, biophysical, and biochemical analyses of Cas1 and
Cas2-3 from Pectobacterium atrosepticum demonstrated that
they form a 400-kDa complex with a Cas14:Cas2-32 stoichiometry.
Cas1–Cas2-3 binds, processes, and catalyzes the integration of
DNA into CRISPR arrays independent of Cas3 activity. The ar-
rangement of Cas3 in the complex, together with its redundant
role in processing and integration, supports a scenario where
Cas3 couples invader destruction with immunization—a process
recently demonstrated in vivo. (See pp. E5122–E5128.)

Selective oxidation of aliphatic C–H bonds in alkylphenols
by a chemomimetic biocatalytic system
Lei Du, Sheng Dong, Xingwang Zhang, Chengying Jiang, Jingfei Chen,
Lishan Yao, Xiao Wang, Xiaobo Wan, Xi Liu, Xinquan Wang, Shaohua
Huang, Qiu Cui, Yingang Feng, Shuang-Jiang Liu, and Shengying Li

Selective oxidation of aliphatic C–H bonds in alkylphenols is im-
portant for both structural derivatization and biological degradation
of these fundamental chemicals. However, significant problems are
persistently associated with the chemical methods for this oxo-
functionalization. In this study, we developed a unique chemo-
mimetic biocatalytic system that is capable of selectively oxidizing
p- and m-alkylated phenols in a controllable manner, overcoming
the challenges faced by similar chemical oxidation. The structural
and bioinformatics analyses of the central P450 biocatalyst
CreJ suggest that its substrate flexibility and reaction selectivity
could be further leveraged. This novel alkylphenol biooxidation
system may hold great potential for application in pharma-
ceutical, biomanufacturing, and environmental industries once
upscaled systems can be further developed in the future. (See pp.
E5129–E5137.)

Efficient, ultra-high-affinity chromatography in a one-step
purification of complex proteins
Marina N. Vassylyeva, Sergiy Klyuyev, Alexey D. Vassylyev, Hunter Wesson,
Zhuo Zhang, Matthew B. Renfrow, Hengbin Wang, N. Patrick Higgins,
Louise T. Chow, and Dmitry G. Vassylyev

Protein purification is a primary step and the basis for numerous
biochemical and biomedical studies. It is particularly crucial for

high-resolution structural analysis and industrial protein pro-
duction, where it has to meet the high-yield, high-purity, and
high-activity (HHH) requirement. However, the HHH purification
of many proteins or protein complexes remains a difficult,
target-dependent, and multistep process. The ultra-high-affinity
(CL7/Im7) purification system described in this work allows for
one-step HHH purification of a wide range of traditionally
challenging biological molecules, including eukaryotic, mem-
brane, toxic, and DNA/RNA-binding proteins and complexes. It
might emerge as an efficient, universal tool for high-throughput
isolation of many significant biological systems to advance modern
biological studies as well as manufacturing of therapeutic proteins.
(See pp. E5138–E5147.)

Retroviral host range extension is coupled with
Env-activating mutations resulting in
receptor-independent entry
Anna Lounková, Jan Kosla, David P�r ikryl, Kry�stof �Stafl, Dana Ku�cerová,
and Jan Svoboda

The emergence of novel infectious diseases is often associated
with cross-species virus transmission. Virus host range is owed, in
large part, to genetic variation of its envelope gene. The illustrative
example presented here is based on a structural study of the Rous
sarcoma virus (RSV) avian retrovirus passaged twice through ro-
dents. RSV heterotransmission was enabled by spontaneous en-
velope gene mutations, which allow virus entry even into human
and other receptor-free cells. Through three independent bio-
chemical assays, we established that these mutations caused
conformational change similar to the one that follows virus–
receptor interaction. The newly identified envelope mutations re-
sponsible for the broad retrovirus host range contribute to our
understanding of retroviruses’ pathogenicity and their ability to
cross the transclass barriers. (See pp. E5148–E5157.)

Deubiquitinating enzyme VCIP135 dictates the duration of
botulinum neurotoxin type A intoxication
Yien Che Tsai, Archana Kotiya, Erkan Kiris, Mei Yang, Sina Bavari, Lino
Tessarollo, George A. Oyler, and Allan M. Weissman

Botulinum neurotoxins (BoNTs) are the most potent biological
toxins. These proteases function by cleaving SNARE proteins,
leading to paralysis and death from respiratory failure. BoNT se-
rotype A (BoNT/A) has the most prolonged symptoms due to an
extraordinarily stable catalytic light chain (LCA). BoNT/A in-
toxication can occur through ingestion (either sporadically or from
a common food source), as a consequence of a clinical mishap, or
potentially through bioterrorism, which would require mass me-
chanical ventilation. We report that LCA persistence is due to a
particular deubiquitinating enzyme that binds a specific region of
LCA and prevents its ubiquitin-dependent proteasomal degrada-
tion. These findings represent an essential step toward developing
targeted molecular approaches to reducing morbidity and mor-
tality from this toxin. (See pp. E5158–E5166.)

Optogenetic control of mitochondrial metabolism and
Ca2+ signaling by mitochondria-targeted opsins
Tatiana Tkatch, Elisa Greotti, Gytis Baranauskas, Diana Pendin, Soumitra
Roy, Luliaoana I. Nita, Jennifer Wettmarshausen, Matthias Prigge, Ofer
Yizhar, Orian S. Shirihai, Daniel Fishman, Michal Hershfinkel, Ilya A. Fleidervish,
Fabiana Perocchi, Tullio Pozzan, and Israel Sekler

Mitochondrial functions depend on the steep H+ electrochemical
gradient (ΔμH+) across their inner membrane. The available tools for
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controlling this gradient are essentially limited to inhibitors of the
respiratory chain or of the H+ ATPase or to uncouplers, poisons
plagued by important side effects and that lack both cell and spatial
specificity. We show here that, by transfecting cells with the cDNA
encoding channelrhodopsins specifically targeted to the inner mi-
tochondrial membrane, we can obtain an accurate and spatially
confined, light-dependent control of mitochondrial membrane po-
tential and, as a consequence, of a series of mitochondrial activities
ranging from electron transport to ATP synthesis and Ca2+ signaling.
(See pp. E5167–E5176.)

Biomechanical coupling facilitates spinal neural tube
closure in mouse embryos
Gabriel L. Galea, Young-June Cho, Gauden Galea, Matteo A. Molè, Ana
Rolo, Dawn Savery, Dale Moulding, Lucy H. Culshaw, Evanthia Nikolopoulou,
Nicholas D. E. Greene, and Andrew J. Copp

Neurulation has been intensively studied in lower vertebrates, but
marked species differences call into question the relevance of these
models for human neural tube (NT) closure. Here, using mouse
embryos, we demonstrate that mammalian neural fold apposition
results from constriction of the open posterior NT, which is bio-
mechanically coupled to the zippering point by an F-actin network.
Using the Zic2 mutant model, we show that genetic pre-
disposition to spina bifida, which likely underlies most human
cases, directly affects the biomechanics of closure. We also
identify a NT closure point at the caudal end of the embryo.
Many spina bifida cases correspond to this anatomic portion of
the NT, suggesting that this closure point may be important in
humans as well. (See pp. E5177–E5186.)

How temporal patterns in rainfall determine the
geomorphology and carbon fluxes of tropical peatlands
Alexander R. Cobb, Alison M. Hoyt, Laure Gandois, Jangarun Eri, René
Dommain, Kamariah Abu Salim, Fuu Ming Kai, Nur Salihah Haji Su’ut,
and Charles F. Harvey

A dataset from one of the last protected tropical peat swamps in
Southeast Asia reveals how fluctuations in rainfall on yearly and
shorter timescales affect the growth and subsidence of tropical
peatlands over thousands of years. The pattern of rainfall and the
permeability of the peat together determine a particular curvature of
the peat surface that defines the amount of naturally sequestered
carbon stored in the peatland over time. This principle can be used
to calculate the long-term carbon dioxide emissions driven by
changes in climate and tropical peatland drainage. The results
suggest that greater seasonality projected by climate models could
lead to carbon dioxide emissions, instead of sequestration, from
otherwise undisturbed peat swamps. (See pp. E5187–E5196.)

Skin-specific regulation of SREBP processing and lipid
biosynthesis by glycerol kinase 5
Duanwu Zhang, Wataru Tomisato, Lijing Su, Lei Sun, Jin Huk Choi, Zhao
Zhang, Kuan-wen Wang, Xiaoming Zhan, Mihwa Choi, Xiaohong Li, Miao
Tang, Jose M. Castro-Perez, Sara Hildebrand, Anne R. Murray, Eva Marie Y.
Moresco, and Bruce Beutler

We discovered a previously unrecognized regulator of cholesterol
biosynthesis, glycerol kinase 5 (GK5), which functions exclusively in
the skin independently of cholesterol regulation in other tissues.
GK5 negatively regulates the processing and nuclear localization of
sterol regulatory element binding proteins, transcription factors that
control expression of virtually all cholesterol synthesis enzymes. Ex-
cessive amounts of cholesterol, triglycerides, and ceramides were
found in the skin of GK5-deficient mice. These mice displayed

alopecia (hair loss) caused by impaired hair growth and mainte-
nance, for which proper amounts of cholesterol and other skin
lipids are necessary. (See pp. E5197–E5206.)

Genome-wide CRISPR screen identifies HNRNPL as a
prostate cancer dependency regulating RNA splicing
Teng Fei, Yiwen Chen, Tengfei Xiao, Wei Li, Laura Cato, Peng Zhang,
Maura B. Cotter, Michaela Bowden, Rosina T. Lis, Shuang G. Zhao, Qiu
Wu, Felix Y. Feng, Massimo Loda, Housheng Hansen He, X. Shirley Liu,
and Myles Brown

Alternative RNA splicing and the spliceosome machinery have
been implicated in cancer progression. A genome-wide CRISPR
screen identified the RNA processing factor heterogeneous nu-
clear ribonucleoprotein L (HNRNPL) as required for prostate
cancer growth by regulating alternative RNA splicing and circular
RNA formation. HNRNPL and its RNA clients are overexpressed
during prostate cancer progression, supporting their potential
role as therapeutic targets. (See pp. E5207–E5215.)

Systems-guided forward genetic screen reveals a critical
role of the replication stress response protein ETAA1 in
T cell clonal expansion
Lisa A. Miosge, Yovina Sontani, Aaron Chuah, Keisuke Horikawa, Tiffany A.
Russell, Yan Mei, Mayura V. Wagle, Debbie R. Howard, Anselm Enders,
David C. Tscharke, Christopher C. Goodnow, and Ian A. Parish

T cells are required for control of many intracellular infections,
and a critical component of T cell immunity is the prolifera-
tive expansion of effector T cells upon stimulation. Using a
forward-based genetic screen, we identify the mouse Etaa1
gene as critically important for T cell proliferative expansion
after vaccination and during infection. Consistent with recent
findings that ETAA1 prevents DNA damage during pro-
liferation, our data demonstrate elevated DNA damage within
Etaa1-deficient effector T cells, which likely leads to cell death.
This phenotype is restricted to effector T cell proliferation,
with T cell development and other immune parameters remaining
normal. Thus, ETAA1 may represent a novel drug target to selec-
tively suppress pathological T cell responses in transplantation
or autoimmunity. (See pp. E5216–E5225.)

Maintenance of antiangiogenic and antitumor effects by
orally active low-dose capecitabine for long-term
cancer therapy
Yin Zhang, Meili Sun, Guichun Huang, Linlin Yin, Qinghua Lai, Yunlong
Yang, Xiaoming Xing, Guohua Yu, Yuping Sun, Xinsheng Wang, Guohui
Nie, Yizhi Liu, and Yihai Cao

Withdrawal of antiangiogenic drugs leads to tumor revascu-
larization, even rebound effects of tumor angiogenesis, and
potential metastasis. Long-term maintenance therapy with
antiangiogenic drugs is crucial for achieving maximal clinical
benefits for cancer patients. There are no antiangiogenic
drugs that are clinically available for maintenance therapy. We
show that orally active capecitabine at an extremely low and
nontoxic dose displays a potent antiangiogenic effect that can
be used for maintenance therapy. Importantly, the low-dose
capecitabine in a sequentially therapeutic setting following anti-
VEGF drugs produces remarkable anticancer effects. If success-
fully proven in clinical settings, our therapeutic regimen would be
beneficial for millions of cancer patients. Our findings will shift the
paradigm of current antiangiogenic therapy for treatment of hu-
man cancer patients. (See pp. E5226–E5235.)
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Electron-shuttling antibiotics structure bacterial
communities by modulating cellular levels of c-di-GMP
Chinweike Okegbe, Blanche L. Fields, Stephanie J. Cole, Christopher
Beierschmitt, Chase J. Morgan, Alexa Price-Whelan, Richard C. Stewart,
Vincent T. Lee, and Lars E. P. Dietrich

In cells residing within communities, limitation for electron accep-
tors (e.g., oxygen) leads to redox imbalance and hampers metab-
olism. Pseudomonas aeruginosa bacteria in biofilms produce
antibiotics called phenazines that facilitate redox balancing. When
phenazines and oxygen are not sufficiently available, P. aeruginosa
biofilms increase production of ECM, which increases surface area-
to-volume ratio and access to oxygen. Here, we describe RmcA, a
protein that regulates matrix production in response to phenazine
exposure. RmcA contains four sensing domains and two domains
that modulate levels of a small-molecule inducer of matrix secre-
tion. These results provide molecular insight into mechanisms un-
derpinning the adaptability of P. aeruginosa biofilms, which likely
contributes to their persistence in diverse hosts and clinical settings.
(See pp. E5236–E5245.)

Numbers of presynaptic Ca2+ channel clusters match those
of functionally defined vesicular docking sites in single
central synapses
Takafumi Miki, Walter A. Kaufmann, Gerardo Malagon, Laura Gomez,
Katsuhiko Tabuchi, Masahiko Watanabe, Ryuichi Shigemoto,
and Alain Marty

Release–docking sites have been considered from a morphological
point of view as the sites where synaptic vesicles dock and fuse
with the active-zone membrane. Functionally, docking sites limit
the maximum number of vesicles released per action potential,
determining synaptic strength. Until now it has not been possible
to establish a clear link between morphological and functional
aspects of docking sites in mammalian brain synapses. Recent data
suggest that calcium channels form several clusters in the active
zone. Here, we show that the number of the clusters matches that
of functional docking sites and both parameters change in parallel
with age and synaptic size. Based on these results we propose a
one-to-one correspondence between docking sites and calcium
channel clusters. (See pp. E5246–E5255.)

Regulation of spinogenesis in mature Purkinje cells via
mGluR/PKC-mediated phosphorylation of CaMKIIβ
Takeyuki Sugawara, Chihiro Hisatsune, Hiroyuki Miyamoto, Naoko Ogawa,
and Katsuhiko Mikoshiba

The cerebellar cortex, and its sole output, Purkinje cells, is essential
for motor coordination and learning. Dendritic spines of Purkinje
cells are the primary sites of cerebellar synaptic plasticity. Therefore,
maintenance of spine structure of mature Purkinje cells is a critical
aspect of cerebellar functions, but the underlying mechanisms re-
main unclear. Here we described an activity-dependent regulatory
mechanism of spines in Purkinje cells. We found that F-actin cross-
linking activity of Ca2+/calmodulin-dependent protein kinase II β
isoform is controlled by protein kinase C-mediated phosphoryla-
tion, which is triggered by group I metabotropic glutamate re-
ceptor signaling. Defective function of the phosphorylation leads to
excess spine development in mature Purkinje cells. Our findings
revealed a mechanism for proper maintenance of cerebellar Purkinje
cell spines. (See pp. E5256–E5265.)

Specific targeting of TGF-β family ligands demonstrates
distinct roles in the regulation of muscle mass in health
and disease
Justin L. Chen, Kelly L. Walton, Adam Hagg, Timothy D. Colgan, Katharine
Johnson, Hongwei Qian, Paul Gregorevic, and Craig A. Harrison

Myostatin, via activation of the Smad2/3 pathway, has long been
recognized as the body’s major negative regulator of skeletal
muscle mass. In this study, however, we demonstrate that other
TGF-β proteins, particularly activin A and activin B, act in concert
with myostatin to repress muscle growth. Preventing activin and
myostatin signaling in the tibialis anterior muscles of mice resulted
in massive hypertrophy (>150%), which was dependent upon both
the complete inhibition of the Smad2/3 pathway and activation of
the parallel bone morphogenetic protein (BMP)/Smad1/5 axis.
Using this approach in models of muscular dystrophy and cancer
cachexia increased muscle mass or prevented muscle wasting,
respectively, highlighting the potential therapeutic advantages of
complete inhibition of Smad2/3 ligand activity in skeletal muscle.
(See pp. E5266–E5275.)
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