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Randomly distributed embedding making
short-term high-dimensional data predictable
Huanfei Ma, Siyang Leng, Kazuyuki Aihara, Wei Lin,

and Luonan Chen

Making accurate forecast or prediction is a challeng-
ing task in the big data era, in particular for those
datasets involving high-dimensional variables but
short-term time series points, and these datasets are
omnipresent in many fields. In this work, a model-
free framework, named as “randomly distributed
embedding” (RDE), is proposed to accurately pre-
dict future dynamics based on such short-term but
high-dimensional data. The RDE framework creates
the distribution information from the interactions
among high-dimensional variables to compensate
for the lack of time points in real applications. In-
stead of roughly predicting a single trial of future
values, this framework achieves the accurate pre-
diction by using the distribution information. (See
pp. E9994-E10002.)

Faults and associated karst collapse suggest
conduits for fluid flow that influence hydraulic
fracturing-induced seismicity

Elwyn Galloway, Tyler Hauck, Hilary Corlett, Dinu Pana,

and Ryan Schultz

Induced earthquakes can be caused by hydraulic
fracturing (HF). However, the exact means by which
stress changes are transferred to seismogenic faults
are unknown. This paper provides evidence that a
case of induced earthquakes in southern Alberta
responded to increased pore pressure on a fault
in hydraulic communication with the HF opera-
tion. Reflection-seismic and drill core data pro-
vide evidence that fluid flow along this fault
caused strata underlying the target reservoir to
dissolve, causing a karst collapse in the geo-
logical past. We suggest that seismogenic and
hydraulically active faults are geologically rare
and that the injection of fluid directly into them is
even rarer, potentially explaining the small per-
centage of HF wells that cause induced earthquakes.
(See pp. E10003-E10012.)

Distinct facial expressions represent pain and
pleasure across cultures

Chaona Chen, Carlos Crivelli, Oliver G. B. Garrod, Philippe G.
Schyns, José-Miguel Fernandez-Dols, and Rachael E. Jack
Humans often use facial expressions to communicate
social messages. However, observational studies report
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that people experiencing pain or orgasm produce
facial expressions that are indistinguishable, which
questions their role as an effective tool for com-
munication. Here, we investigate this counterintui-
tive finding using a new data-driven approach to
model the mental representations of facial expres-
sions of pain and orgasm in individuals from two
different cultures. Using complementary analyses,
we show that representations of pain and orgasm
are distinct in each culture. We also show that pain
is represented with similar face movements across
cultures, whereas orgasm shows differences. Our
findings therefore inform understanding of the possi-
ble communicative role of facial expressions of pain
and orgasm, and how culture could shape their represen-
tation. (See pp. E10013-E10021.)

The structural basis for cancer drug interactions
with the catalytic and allosteric sites

of SAMHD1

Kirsten M. Knecht, Olga Buzovetsky, Constanze Schneider,
Dominique Thomas, Vishok Srikanth, Lars Kaderali,
Florentina Tofoleanu, Krystle Reiss, Nerea Ferreirds,

Gerd Geisslinger, Victor S. Batista, Xiaoyun Ji, Jindrich
Cinatl Jr., Oliver T. Keppler, and Yong Xiong

Nucleoside analog drugs are widely used to treat a
variety of cancers and viral infections. With an es-
sential role in regulating the nucleotide pool in the
cell by degrading cellular nucleotides, SAMHD1 has
the potential to decrease the cellular concentration
of frequently prescribed nucleoside analogs and
thereby decrease their clinical efficacy in cancer
therapy. To improve future nucleoside analog treat-
ments, it is important to understand SAMHD1 in-
teractions with these drugs. Our work thoroughly ex-
amines the extent to which nucleotide analogs interact
with the catalytic and allosteric sites of SAMHD1. This
work contributes to the assessment of SAMHD1 as a
potential therapeutic target for cancer therapy and the
future design of SAMHD1 modulators that might
improve the efficacy of existing therapies. (See pp.
E10022-E10031.)

Molecular mechanism of activation of the
immunoregulatory amidase NAAA

Alexei Gorelik, Ahmad Gebai, Katalin llles, Daniele Piomelli,
and Bhushan Nagar

There is a strong need for new analgesic and antiin-
flammatory medicines that are both effective and
safe. Animal studies have shown that inhibition of

www.pnas.org/cgi/doi/10.1073/pnas.ss11543
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N-acylethanolamine acid amidase (NAAA)—an intracellular en-
zyme that degrades the lipid mediator palmitoylethanolamide—
causes profound analgesic and antiinflammatory effects. To fa-
cilitate the discovery of drugs targeting this protein and to better
understand its mechanism of action, we determined its 3D
structure. Our results illustrate the sequential steps leading to
the activation of NAAA at lipid membranes, and reveal how
current inhibitors block this enzyme. (See pp. E10032-E10040.)

Meiosis-specific recombinase Dmc1 is a potent inhibitor of
the Srs2 antirecombinase

J. Brooks Crickard, Kyle Kaniecki, Youngho Kwon, Patrick Sung,

and Eric C. Greene

Here, we demonstrate that the antirecombinase Srs2 is un-
able to dismantle recombination intermediates containing the
meiosis-specific recombinase Dmc1. Our work defines a function
of Dmc1 as an inhibitor of the prototypical antirecombinase Srs2.
Based on these findings, we propose that the presence of
Dmc1 may help to prevent Srs2 from disruption of early meiotic
recombination intermediates, which may in tum be anticipated to
favor the formation of cross-over recombination products. (See pp.
E10041-E10048.)

Entropic contribution to enhanced thermal stability in the
thermostable P450 CYP119

Zhuo Liu, Sara Lemmonds, Juan Huang, Madhusudan Tyagi, Liang Hong,
and Nitin Jain

Understanding the thermodynamic factors responsible for
enhanced stability of thermophilic cytochrome P450 enzymes
is significant in their development as efficient catalysts for
high-temperature monooxygenation reactions. These factors
are usually inferred from structural comparison with mesophilic
P450s and invoke rigidifying enthalpic interactions as primary
thermodynamic determinants for thermostability. Using the
thermophilic P450 CYP119 as an example, the present work,
however, questions this enthalpy-driven notion of P450 ther-
mostability and provides strong experimental evidence that their
thermostability may actually be entropy-driven due to increased
flexibility in the folded state relative to mesophilic P450s and that
this flexibility is partitioned effectively between functional activity
and thermal stability. This represents a major paradigm shift in un-
derstanding the basis of thermostability in thermophilic P450s. (See
pp. E10049-E10058.)

Swi5-Sfr1 stimulates Rad51 recombinase filament
assembly by modulating Rad51 dissociation

Chih-Hao Lu, Hsin-Yi Yeh, Guan-Chin Su, Kentaro Ito, Yumiko Kurokawa,
Hiroshi Iwasaki, Peter Chi, and Hung-Wen Li

In DNA homologous recombination, recombinase-coated single-
stranded DNA filament formation is the first committed step and is
subject to tight regulation. Stabilization of nucleoprotein filament
by accessory proteins can be achieved by enhancing filament
formation, reducing filament disassembly, or both. However, the
mechanism of regulation is not understood by conventional bio-
chemical methods. This is a study of the mechanism of how acces-
sory proteins stimulate filament assembly by applying single-
molecule methods that allow us to monitor the binding of Rad51
on DNA in mouse and fission yeast. Our results show that the
Swi5-Sfr1 complex demonstrates the evolutionarily conserved

stimulation of Rad51 filament assembly by stabilizing Rad51 on
DNA, allowing both the formation of the stable nucleus and the
reduction of Rad51 dissociation. (See pp. E10059-E10068.)

mTOR inhibitors lower an intrinsic barrier to virus infection
mediated by IFITM3

Guoli Shi, Stosh Ozog, Bruce E. Torbett, and Alex A. Compton

Gene delivery by virus-like particles holds enormous therapeutic
potential to correct inherited genetic disorders and to prevent
infectious disease. However, cells express antiviral factors that
prevent virus infection and, consequently, limit the success of
gene therapy. Here, we reveal the mechanism by which the drug
rapamycin improves lentivirus-mediated gene delivery. Rapamy-
cin treatment led to degradation of IFITM3, a broad and potent
antiviral protein which inhibits virus entry into cells. IFITM3 is
selectively cleared from endosomes, the sites where viral and
cellular membranes fuse, and is sorted for disposal in lysosomes.
While revealing an immunosuppressive function with clinical
benefits, we caution that rapamycin use in humans may facilitate
infection by pathogenic viruses like Influenza A virus. (See pp.
E10069-E10078.)

Mitosis-specific MRN complex promotes a mitotic
signaling cascade to regulate spindle dynamics

and chromosome segregation

Ran Xu, Yixi Xu, Wei Huo, Zhicong Lv, Jingsong Yuan, Shaokai Ning,
Qingsong Wang, Mei Hou, Ge Gao &%), Jianguo Ji, Junjie Chen,
Rong Guo, and Dongyi Xu

The Mre11-Rad50-Nbs1 (MRN) complex is well known for
participating in DNA damage response pathways and medi-
ating the ATM-dependent phosphorylation signaling cascade.
Hypomorphic mutations in the human MRN complex have
been identified in autosomal recessive genetic diseases,
ataxia-telangiectasia—like disorder, and Nijmegen breakage
syndrome. Here, we show that MRN forms a mitosis-specific
complex with a protein, MMAP, which mediates a mitotic signaling
cascade between PLK1 and KIF2A. We demonstrate that the as-
sembly of this complex is crucial for normal spindle dynamics during
mitosis. Thus, our study describes a signaling cascade in which PLK1-
dependent phosphorylation promotes the assembly of the MRN-
MMAP-PLK1-KIF2A complex, leading to mitotic spindle turnover
and chromosome alignment. (See pp. E10079-E10088.)

XBP1s activation can globally remodel N-glycan structure
distribution patterns

Madeline Y. Wong, Kenny Chen, Aristotelis Antonopoulos, Brian T. Kasper,
Mahender B. Dewal, Rebecca J. Taylor, Charles A. Whittaker, Pyae P. Hein,
Anne Dell, Joseph C. Genereux, Stuart M. Haslam, Lara K. Mahal,

and Matthew D. Shoulders

Diverse polysaccharides are installed on specific asparagine resi-
dues as glycoproteins traverse the endoplasmic reticulum and
Golgi. These N-glycan structures comprise the N-glycome, which
coats cell surfaces, regulates cell-cell and cell-matrix interactions,
and has functional consequences for immune system function and
beyond. Our understanding of how intracellular signaling regu-
lates the molecular architecture of the N-glycome remains imma-
ture. We show that the transcription factor XBP1s alters N-glycan
structures displayed on endogenous membrane-associated and
secreted glycoproteins, coincident with XBP1s-induced changes in
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N-glycosylation—-related transcripts. These results establish a
role for the unfolded protein response in defining the global
composition of the N-glycome-providing a mechanism for
transducing internal stress to an external signal, a phenomenon
with implications for both normal biology and pathology. (See
pp- E10089-E10098.)

Noncanonical autophagy at ER exit sites regulates
procollagen turnover

Shakib Omari, Elena Makareeva, Anna Roberts-Pilgrim, Lynn Mirigian,
Michal Jarnik, Carolyn Ott, Jennifer Lippincott-Schwartz,

and Sergey Leikin

Type | collagen, a major component of bone, skin, and other
connective tissues, is synthesized in the endoplasmic reticulum
(ER) and passes through the secretory pathway. Rerouting of its
procollagen precursor to a degradative pathway is crucial for
reducing intracellular buildup in pathologies caused by defects
in procollagen folding and trafficking. Here, we identify an
autophagy pathway initiated at ER exit sites (ERESs). Procolla-
gen proteins following this pathway accumulate at ERESs
modified with ubiquitin, LC3, pé2, and other autophagy ma-
chinery. Modified ERESs carrying procollagen are then engul-
fed by lysosomes through a microautophagy-like mechanism,
not involving conventional, double-membrane autophago-
somes. Procollagen homeostasis thus involves a noncanonical
mode of autophagy initiated at ERESs, which might also be
important in degradation of other secretory proteins. (See pp.
E10099-E10108.)

Human leukemia mutations corrupt but do not abrogate
GATA-2 function

Koichi R. Katsumura, Charu Mehta, Kyle J. Hewitt, Alexandra A.

Soukup, Isabela Fraga de Andrade, Erik A. Ranheim, Kirby D. Johnson,
and Emery H. Bresnick

GATA-2 functions in stem and progenitor cells to control blood
cell development, and its mutations cause blood diseases (im-
munodeficiency, myelodysplasia, and myeloid leukemia). How
GATA-2 mutations cause these diseases is unclear. We in-
novated a genetic complementation assay to analyze functional
ramifications of GATA-2 disease mutations. The activities of
GATA-2 and mutants were quantified in blood progenitor cells
from mice engineered to express a low level of GATA-2 due to
deletion of an essential Gata2 enhancer. Unexpectedly, the
mutants were not only competent to induce myeloid cells, but
their activities exceeded that of GATA-2. These results trans-
form the current paradigm that disease mutations are solely
inhibitory, and ectopically low GATA-2 levels/activity constitute
the disease mechanism. (See pp. E10109-E10118.)

Differential regulation of PD-L1 expression by immune and
tumor cells in NSCLC and the response to treatment
with atezolizumab (anti-PD-L1)

Marcin Kowanetz, Wei Zou, Scott N. Gettinger, Hartmut Koeppen, Mark
Kockx, Peter Schmid, Edward E. Kadel Ill, Ignacio Wistuba, Jamie Chaft,
Naiyer A. Rizvi, David R. Spigel, Alexander Spira, Fred R. Hirsch, Victor
Cohen, Dustin Smith, Zach Boyd, Natasha Miley, Susan Flynn, Vincent
Leveque, David S. Shames, Marcus Ballinger, Simonetta Mocci, Geetha

Shankar, Roel Funke, Garret Hampton, Alan Sandler, Lukas Amler, Ira
Mellman, Daniel S. Chen, and Priti S. Hegde

Programmed death-ligand 1 (PD-L1) expression on tumor cells
and tumor-infiltrating immune cells is regulated by distinct

10832 | www.pnas.org/cgi/doi/10.1073/pnas.ss11543

mechanisms and has nonredundant roles in regulating anticancer
immunity, and PD-L1 on both cell types is important for predicting
best response to atezolizumab in non-small cell lung cancer. (See pp.
E10119-E10126.)

iNOS promotes CD24*CD133" liver cancer stem cell
phenotype through a TACE/ADAM17-dependent

Notch signaling pathway

Ronghua Wang, Yawen Li, Allan Tsung, Hai Huang, Qiang Du, Muging
Yang, Meihong Deng, Si Xiong, Xiju Wang, Liyong Zhang, David A. Geller,
Bin Cheng, and Timothy R. Billiar

CD24*CD133™ liver cancer stem cells (LCSCs) express higher
levels of the inducible nitric oxide synthase (iNOS) and possess
self-renewal and tumor growth properties. iINOS is associated
with more aggressive hepatocellular carcinoma (HCC), leading
to the upregulation of Notch1 signaling. The activation of
Notch1 by iNOS/NO is dependent on cGMP/PKG-mediated
activation of TACE and upregulation of iRhom-2. The expres-
sion of iINOS, CD24, and CD133 correlates with the expression
of activated TACE and Notch signaling in more aggressive
human HCC. These findings have implications for under-
standing how LCSCs are regulated in the setting of chronic
inflammation, where signals to upregulate iINOS are often
present. Targeting iINOS could have therapeutic benefit
in HCC. (See pp. E10127-E10136.)

Histone methylation regulator PTIP is required to maintain
normal and leukemic bone marrow niches

Prosun Das, Kylee J. Veazey, Hieu T. Van, Saakshi Kaushik, Kevin Lin,
Yue Lu, Masaru Ishii, Junichi Kikuta, Kai Ge, Andre Nussenzweig,

and Margarida A. Santos

Osteoclasts play an essential role in bone homeostasis. Un-
derstanding how osteoclast differentiation is regulated is im-
portant in the context of pathological bone conditions and the
hematopoietic stem cell (HSC) niche. We show that PTIP directly
promotes chromatin changes required for Ppary expression, a
transcription factor essential for osteoclastogenesis. Deletion of
PTIP disrupts the integrity of the bone marrow (BM) niche,
leading to a reduction of HSCs in the BM. Furthermore, a PTIP-
deficient BM microenvironment decreases the number of acute
myeloid leukemia-initiating cells in the BM and increases survival
upon transplantation. Taken together, our data identify PTIP as
an epigenetic regulator of osteoclastogenesis that is required for
the integrity of the BM niche to sustain both normal hemato-
poiesis and leukemia. (See pp. E10137-E10146.)

MmpL8yag controls Mycobacterium abscessus virulence
and production of a previously unknown glycolipid family
Violaine Dubois, Albertus Viljoen, Laura Laencina, Vincent Le Moigne,
Audrey Bernut, Faustine Dubar, Mickaél Blaise, Jean-Louis Gaillard,

Yann Guérardel, Laurent Kremer, Jean-Louis Herrmann,

and Fabienne Girard-Misguich

One major defense mechanism of mycobacteria relies mainly on
the synthesis and transport of specialized lipids, processes that
reside in the cell wall. Among the transporters, Mycobacterial
membrane protein Large (Mmpl) plays an essential role. We
describe the role of MmpL8 (MmpL8uag) in the survival of My-
cobacterium abscessus within eukaryotic hosts. We show that its
absence slows the contact between M. abscessus and the host
cell cytosol, an essential element in its resistance to the cell
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bactericidal mechanisms. The absence of MmplL8uag leads to
reduced production of a previously unknown glycolipid: a gly-
cosyl diacylated nonadecyl diol (GDND). The glycolipid seems
unique to the Mycobacterium chelonae complex, supporting
the view that GDND might represent a typical signature of
M. abscessus infection. (See pp. E10147-E10156.)

Interplay between coronavirus, a cytoplasmic RNA virus,
and nonsense-mediated mRNA decay pathway

Masami Wada, Kumari G. Lokugamage, Keisuke Nakagawa, Krishna
Narayanan, and Shinji Makino

Coronaviruses (CoVs) are important pathogens for humans and
domestic animals. The development of effective counter-
measures against CoVs requires an understanding of the host
pathways that regulate viral gene expression and the viral
subversion mechanisms. However, little is known about how
the stability of viral mRNAs is controlled. We show that the
nonsense-mediated decay (NMD) pathway, which primarily
targets aberrant cellular mRNAs for degradation, also induced
the degradation of CoV mRNAs that are of cytoplasmic origin.
Our study further suggests the importance of CoV-induced
inhibition of the NMD pathway, mediated by a viral protein, for
efficient CoV replication. The present study highlights an in-
terplay between the NMD pathway and CoVs that modulates
viral replication by controlling the stability of viral mRNAs. (See
pp. E10157-E10166.)

Dopaminergic basis for signaling belief updates, but not
surprise, and the link to paranoia

Matthew M. Nour, Tarik Dahoun, Philipp Schwartenbeck, Rick A. Adams,
Thomas H. B. FitzGerald, Christopher Coello, Matthew B. Wall,
Raymond J. Dolan, and Oliver D. Howes

To survive in changing environments animals must use sensory
information to form accurate representations of the world.
Surprising sensory information might signal that our current
beliefs about the world are inaccurate, motivating a belief
update. Here, we investigate the neuroanatomical and neuro-
chemical mechanisms underlying the brain’s ability to update
beliefs following informative sensory cues. Using multimodal
brain imaging in healthy human participants, we demonstrate
that dopamine is strongly related to neural signals encoding
belief updates, and that belief updating itself is closely related
to the expression of individual differences in paranoid ideation.
Our results shed new light on the role of dopamine in making
inferences and are relevant for understanding psychotic dis-
orders such as schizophrenia, where dopamine function
is disrupted. (See pp. E10167-E10176.)

Activity-dependent bulk endocytosis proteome
reveals a key presynaptic role for the monomeric
GTPase Rab11

A. C. Kokotos, J. Peltier, E. C. Davenport, M. Trost, and M. A. Cousin

The maintenance of neurotransmission by synaptic vesicle (SV)
recycling is critical to brain function. The dominant SV recycling
mode during intense activity is activity-dependent bulk endocy-
tosis (ADBE), suggesting it will perform a pivotal role in neuro-
transmission. However, the role of ADBE is still undetermined,
due to the absence of identified molecules specific for this

process. The determination of the bulk endosome proteome
(a key ADBE organelle) revealed that it has a unique molec-
ular signature and identified a role for Rab11 in presynaptic
function. This work provides the molecular inventory of
ADBE, a resource that will be of significant value to re-
searchers wishing to modulate neurotransmission during in-
tense neuronal activity in both health and disease. (See pp.
E10177-E10186.)

Chronic social stress-induced hyperglycemia in mice
couples individual stress susceptibility to impaired

spatial memory

Michael A. van der Kooij, Tanja Jene, Giulia Treccani, Isabelle

Miederer, Annika Hasch, Nadine Voelxen, Stefan Walenta,

and Marianne B. Miiller

Stress-associated mental disorders and diabetes pose an
enormous socio-economic burden. Glucose dysregulation
occurs with both psychosocial and metabolic stress. While
cognitive impairments are common in metabolic disorders
such as diabetes and are accompanied by hyperglycemia, a
causal role for glucose has not been established. We show
that chronic social defeat (CSD) stress induces lasting pe-
ripheral and central hyperglycemia and impaired glucose
metabolism in a subgroup of mice. Animals exhibiting hy-
perglycemia early post-CSD display spatial memory impair-
ments that can be rescued by the antidiabetic empagliflozin.
We demonstrate that individual stress vulnerability to glu-
cose homeostasis can be identified early after insult and
that stress-induced hyperglycemia directly impinges on cogni-
tive integrity. Our findings further bridge the gap between
stress-related pathologies and metabolic disorders. (See pp.
E10187-E10196.)

Long noncoding RNA GM12371 acts as a transcriptional
regulator of synapse function

Bindu L. Raveendra, Supriya Swarnkar, Yosef Avchalumoyv, Xin-An Liu,
Eddie Grinman, Kerriann Badal, Adrian Reich, Bruce D. Pascal,

and Sathyanarayanan V. Puthanveettil

Neuronal functions of long noncoding RNAs (IncRNAs) are
poorly understood. Here we describe identification and func-
tion of IncRNA GM12371 in regulating synaptic transmission,
synapse density, and dendritic arborization in primary hippocampal
neurons. GM12371 expression is regulated by cAMP signaling and
is critical for the activity regulated synaptic transmission. Im-
portantly, GM12371 is associated with transcriptionally active
chromatin and regulates expression of several genes involved in
neuronal growth and development. Taken together, these results
suggest that GM12371 acts as a transcriptional regulator of
synapse function. (See pp. E10197-E10205.)

The brain’s hemodynamic response function rapidly
changes under acute psychosocial stress in association
with genetic and endocrine stress response markers
Immanuel G. Elbau, Benedikt Briicklmeier, Manfred Uhr, Janine Arloth,
Darina Czamara, Victor |. Spoormaker, Michael Czisch, Klaas Enno
Stephan, Elisabeth B. Binder, and Philipp G. Sdmann

Understanding how stress predisposes for psychopathology
requires the identification of physiological stress-regulatory
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mechanisms with pathogenic potential. Here, we applied fMRI
to investigate the interaction between acute psychosocial stress and
the brain’s hemodynamic response function (HRF). The HRF
models how local neural activity elicits cerebral blood flow
changes, spanning several biophysical processes including
neurovascular coupling (NVC). Stress replicably shifted the
HRF peak in temporal, insular, and prefrontal brain regions,
moderated by functional variants of KCNJ2, a protein involved
in NVC. Hippocampal HRF markers correlated with the cortisol
response and genetic variants that reflect transcriptional re-
sponses to glucocorticoids and the risk for depression. We
suggest that acute psychosocial stress modulates hemody-
namic response properties which could lead to previously
undescribed endophenotypes of stress-related disorders. (See
pp. E10206-E10215.)

DSCAM promotes self-avoidance in the developing
mouse retina by masking the functions of cadherin
superfamily members

Andrew M. Garrett, Andre Khalil, David O. Walton, and Robert W. Burgess

Cell adhesion molecules (CAMs) provide highly specific cell-
surface recognition signals by which developing neurons in-
teract with specific partners. However, these CAMs are com-
mon between neurons of the same type, and without a
mechanism of self-avoidance or of homotypic avoidance, de-
veloping neurons will excessively adhere with themselves. This
self-avoidance can be promoted by extreme molecular diversity,
such as that of Dscam1 (Down syndrome cell adhesion molecule
1) in flies, which gives neurons distinct barcodes. Mouse Dscam,
on the other hand, promotes self-avoidance without molecular
diversity. Here, we provide evidence that DSCAM can func-
tionally interact with other CAMs, called cadherins and proto-
cadherins, to act like a general “nonstick” signal. Through this
“adhesive masking” mechanism, DSCAM allows neurons to
develop their appropriate shapes, positions, and connections.
(See pp. E10216-E10224.)

MRI-based assessment of function and dysfunction in
myelinated axons

William M. Spees, Tsen-Hsuan Lin, Peng Sun, Chunyu Song, Ajit George,
Sam E. Gary, Hsin-Chieh Yang, and Sheng-Kwei Song
Blood-oxygen-level-dependent (BOLD) fMRI has proven to be
extremely powerful for studying brain function, but is essen-
tially limited to applications in gray matter. This work in-
vestigates the underlying mechanisms responsible for MRI-
based signal changes in myelinated axonal fibers of perfused
bullfrog sciatic nerves. Simultaneous in-magnet recording of
compound action potentials (CAPs) and MRI data acquisition
reveal that the diffusion fMRI response is linearly proportional
to the number of electrical impulses. Increased restricted dif-
fusion fraction (from diffusion basis spectrum imaging) could
be related to submyelinic vacuole formation observed by
electron microscopy of perfused nerves fixed resting or un-
dergoing stimulation. Microstructural changes and osmotically
driven redistribution of tissue water play a crucial role in the
observed diffusion fMRI response in myelinated fibers. (See
pp. E10225-E10234.)
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CbIn2 and Cbln4 are expressed in distinct medial
habenula-interpeduncular projections and contribute
to different behavioral outputs

Erica Seigneur, Jai S. Polepalli, and Thomas C. Stidhof

Cerebellins are important neurexin ligands that remain poorly
understood. Two critical questions in particular remain unan-
swered: do different cerebellins perform distinct functions, and
do these functions act in the initial establishment of synapses
or in rendering nascent synapses capable of normal synaptic
transmission? Here we report that in mice, two homologous
cerebellins, CbIn2 and CblIn4, are expressed in different types of
neurons of the medial habenula (MHb), and that these neurons
project to distinct target neurons in the interpeduncular nucleus.
Ablation of CbIn2 or Cbln4 from the MHb impairs distinct be-
haviors, but only ablation of CbIn2 affects synapse numbers. Our
data show that different cerebellins perform distinct functions
that involve synaptic information processing but not initial
synapse formation. (See pp. E10235-E10244.)

p38a MAPK signaling drives pharmacologically reversible
brain and gastrointestinal phenotypes in the SERT

Ala56 mouse

Matthew J. Robson, Meagan A. Quinlan, Kara Gross Margolis, Paula A.
Gajewski-Kurdziel, Jeremy Veenstra-VanderWeele, Michael D. Gershon,
D. Martin Watterson, and Randy D. Blakely

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by communication and social behavior
deficits, repetitive behaviors, and medical comorbidities, in-
cluding gastrointestinal dysfunction. No pharmacologic treat-
ments are available that ameliorate core symptoms. Genetic
variants in the serotonin transporter (SERT) are linked to ASD.
Here we demonstrate that administration of a CNS-penetrant
p38a MAPK antagonist normalizes multiple physiological and
behavioral perturbations reminiscent of ASD in adult, SERT
Ala56 mice. Conditional genetic manipulations validate a re-
quirement for 5-HT neuron p38a MAPK signaling in estab-
lishing perturbations observed in SERT Ala56 mice. Our
findings suggest that p38a MAPK may be a potential target for
treatment of adults with ASD, particularly in relation to traits
driven by elevated SERT activity and diminished 5-HT signaling.
(See pp. E10245-E10254.)

Translating biased signaling in the ghrelin receptor system
into differential in vivo functions

Franziska Mende, Cecilie Hundahl, Bianca Plouffe, Louise Julie Skov, Bjgrn
Sivertsen, Andreas Nygaard Madsen, Michael Liickmann, Thi Ai

Diep, Stefan Offermanns, Thomas Michael Frimurer, Michel Bouvier,

and Birgitte Holst

Obesity is a major health threat of the twenty-first century,
impacting individual patients and healthcare expenditure. Due
to safety concerns, few antiobesity treatments with only
moderate effect remain on the market. The ghrelin receptor is an
attractive target for the development of novel antiobesity drugs,
since ghrelin increases both fat accumulation and food intake.
However, ghrelin also modulates a variety of additional physio-
logical functions. Thus, drugs targeting the ghrelin receptor may
induce unacceptable side effects and have limited clinical use.
We demonstrate that biased ligands, which selectively activate
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only a subset of the molecular signaling pathways, may be
powerful tools to obtain drugs that efficaciously reduce body
weight without inducing adverse effects by selectively modulat-
ing appetite and energy expenditure. (See pp. E10255-E10264.)

Quantitative and functional posttranslational modification
proteomics reveals that TREPH1 plays a role in plant
touch-delayed bolting

Kai Wang, Zhu Yang, Dongjin Qing, Feng Ren, Shichang Liu, Qingsong
Zheng, Jun Liu, Weiping Zhang, Chen Dai, Madeline Wu, E. Wassim
Chehab, Janet Braam, and Ning Li

Plants respond to a delicate force signal, such as a light touch,
similar to animal neural systems, as demonstrated by thigmot-
ropism, thigmonastic movement, and thigmomorphogenesis.
To understand the force-signaling networks, we applied sta-
ble isotope labeling in Arabidopsis (SILIA)-based quantitative
posttranslational modification proteomics to assess protein
phosphorylation changes in Arabidopsis subjected to 40-
second cotton-swab touch, identified 4,895 nonredundant
phosphopeptides, 579 of which are previously unreported
phosphosites derived from 509 phosphoprotein groups, and
identified 24 TOUCH-REGULATED PHOSPHOPROTEIN (TREPH)
groups. Molecular biological, genetic, and bioinformatic analyses
revealed that the previously uncharacterized TREPH1 protein is
required for the bolting-delay aspect of the Arabidopsis touch
response. These studies suggest that protein phosphorylation and
the TREPH1 protein are critical for the mechanotransduction
pathway leading to an aspect of plant thigmomorphogenesis. (See
pp. E10265-E10274.)

Bottom trawl fishing footprints on the world’s
continental shelves

Ricardo O. Amoroso, C. Roland Pitcher, Adriaan D. Rijnsdorp, Robert A.
McConnaughey, Ana M. Parma, Petri Suuronen, Ole R. Eigaard, Francois
Bastardie, Niels T. Hintzen, Franziska Althaus, Susan Jane Baird, Jenny
Black, Lene Buhl-Mortensen, Alexander B. Campbell, Rui Catarino,
Jeremy Collie, James H. Cowan Jr., Deon Durholtz, Nadia Engstrom,
Tracey P. Fairweather, Heino O. Fock, Richard Ford, Patricio A. Gélvez,
Hans Gerritsen, Maria Eva Géngora, Jessica A. Gonzélez, Jan G. Hiddink,
Kathryn M. Hughes, Steven S. Intelmann, Chris Jenkins, Patrik Jonsson,
Paulus Kainge, Mervi Kangas, Johannes N. Kathena, Stefanos Kavadas,
Rob W. Leslie, Steve G. Lewis, Mathieu Lundy, David Makin, Julie Martin,
Tessa Mazor, Genoveva Gonzalez-Mirelis, Stephen J. Newman, Nadia
Papadopoulou, Paulette E. Posen, Wayne Rochester, Tommaso Russo,
Antonello Sala, Jayson M. Semmens, Cristina Silva, Angelo Tsolos, Bart
Vanelslander, Corey B. Wakefield, Brent A. Wood, Ray Hilborn, Michel J.
Kaiser, and Simon Jennings

We conducted a systematic, high-resolution analysis of bottom
traw! fishing footprints for 24 regions on continental shelves
and slopes of five continents and New Zealand. The pro-
portion of seabed trawled varied >200-fold among regions
(from 0.4 to 80.7% of area to a depth of 1,000 m). Within
18 regions, more than two-thirds of seabed area remained
untrawled during study periods of 2-6 years. Relationships
between metrics of total trawling activity and footprint were
strong and positive, providing a method to estimate trawling
footprints for regions where high-resolution data are not
available. Trawling footprints were generally smaller in regions
where fisheries met targets for exploitation rates, implying
collateral environmental benefits of effective fisheries management.
(See pp. E10275-E10282.)
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