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Linguistic positivity in historical texts
reflects dynamic environmental and
psychological factors
Rumen Iliev, Joe Hoover, Morteza Dehghani,
and Robert Axelrod

For nearly 50 y social scientists have observed that
across cultures and languages people use more positive
words than negative words, a phenomenon referred to
as “linguistic positivity bias” (LPB). Although scientists
have proposed multiple explanations for this phe-
nomenon—explanations that hinge on mechanisms
ranging from cognitive biases to environmental factors—
no consensus on the origins of LPB has been reached. In
this research, we derive and test, via natural language
processing and data aggregation, divergent predictions
from dominant explanations of LPB by examining it
across time. We find that LPB varies across time and
therefore cannot be explained simply as the product of
cognitive biases and, further, that these variations cor-
respond to fluctuations in objective circumstances and
subjective mood. (See pp. E7871–E7879.)

Discovery of cofactor-specific, bactericidal
Mycobacterium tuberculosis InhA inhibitors
using DNA-encoded library technology
Holly H. Soutter, Paolo Centrella, Matthew A. Clark, John W.
Cuozzo, Christoph E. Dumelin, Marie-Aude Guie, Sevan
Habeshian, Anthony D. Keefe, Kaitlyn M. Kennedy, Eric A.
Sigel, Dawn M. Troast, Ying Zhang, Andrew D. Ferguson,
Gareth Davies, Eleanor R. Stead, Jason Breed, Prashanti
Madhavapeddi, and Jon A. Read

The increasing prevalence of multidrug-resistant strains
of tuberculosis has created an urgent need for novel
therapies to treat tuberculosis infections. Here we have
demonstrated the successful utilization of the DNA-
encoded X-Chem technology for the discovery inhibitors
of Mycobacterium tuberculosis enoyl–acyl-carrier
protein (ACP) reductase, InhA, a validated target for
the treatment of tuberculosis. The identified inhibitors
are cofactor specific and have activity in multiple
cellular assays. Crystal structures of representative
compounds from five chemical series revealed that
the compounds bind adjacent to the NADH cofactor
and adopt a variety of conformations, including two
previously unreported binding modes. The com-
pounds identified may serve as useful leads in the
development of new antibacterial drugs with efficacy

against multidrug-resistant tuberculosis. (See pp.
E7880–E7889.)

Substrate recognition and catalysis by GH47
α-mannosidases involved in Asn-linked glycan
maturation in the mammalian secretory pathway
Yong Xiang, Khanita Karaveg, and Kelley W. Moremen

Asn-linked glycosylation of newly synthesized poly-
peptides occurs in the endoplasmic reticulum of
eukaryotic cells. Glycan structures are trimmed and
remodeled as they transit the secretory pathway,
and processing intermediates play various roles as
ligands for folding chaperones and signals for
quality control and intracellular transport. Key steps
for the generation of these trimmed intermediates
are catalyzed by glycoside hydrolase family 47
(GH47) α-mannosidases that selectively cleave α1,2-
linked mannose residues. Despite the sequence and
structural similarities among the GH47 enzymes, the
molecular basis for residue-specific cleavage remains
obscure. The present studies reveal enzyme–substrate
complex structures for two related GH47 α-man-
nosidases and provide insights into how these enzymes
recognize the same substrates differently and catalyze
the complementary glycan trimming reactions necessary
for glycan maturation. (See pp. E7890–E7899.)

Molecular evidence of keratin and melanosomes
in feathers of the Early Cretaceous
bird Eoconfuciusornis

Yanhong Pan, Wenxia Zheng, Alison E. Moyer, Jingmai K.
O’Connor, Min Wang, Xiaoting Zheng, Xiaoli Wang, Elena R.
Schroeter, Zhonghe Zhou, and Mary H. Schweitzer

We report fossil evidence of feather structural protein
(beta-keratin) from a 130-My-old basal bird (Eoconfu-
ciusornis) from the famous Early Cretaceous Jehol
Biota, which has produced many feathered dinosaurs,
early birds, and mammals. Multiple independent mo-
lecular analyses of both microbodies and associated
matrix recovered from the fossil feathers confirm that
these microbodies are indeed melanosomes. We use
transmission electron microscopy and immunogold to
show localized binding of antibodies raised against
feather protein to matrix filaments within these
ancient feathers. Our work sheds new light on
molecular constituents of tissues preserved in
fossils. (See pp. E7900–E7907.)
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Paired quantitative and qualitative assessment of
the replication-competent HIV-1 reservoir and
comparison with integrated proviral DNA
Julio C. C. Lorenzi, Yehuda Z. Cohen, Lillian B. Cohn, Edward F. Kreider,
John P. Barton, Gerald H. Learn, Thiago Oliveira, Christy L. Lavine,
Joshua A. Horwitz, Allison Settler, Mila Jankovic, Michael S. Seaman,
Arup K. Chakraborty, Beatrice H. Hahn, Marina Caskey,
and Michel C. Nussenzweig

A reservoir of latently infected cells poses the greatest challenge to
HIV-1 eradication. Efforts to develop strategies to eliminate the
reservoir have been hampered, in part, by the lack of a precise
understanding of the cellular and molecular nature of this reservoir.
We describe a new method to analyze the replication-competent
latent reservoir quantitatively and qualitatively. We find that over
50% of the replication-competent viruses in the reservoir form part
of groups with identical env sequences. However, a negative cor-
relation exists between integrated proviral clones and replication-
competent viruses, such that the larger the proviral clone, the lower
is its probability of representing a replication-competent virus. (See
pp. E7908–E7916.)

MIF allele-dependent regulation of the MIF coreceptor
CD44 and role in rheumatoid arthritis
Seung-Ah Yoo, Lin Leng, Bum-Joon Kim, Xin Du, Pathricia V. Tilstam,
Kyung Hee Kim, Jin-Sun Kong, Hyung-Ju Yoon, Aihua Liu, Tian Wang, Yan
Song, Maor Sauler, Jurgen Bernhagen, Christopher T. Ritchlin, Patty Lee,
Chul-Soo Cho, Wan-Uk Kim, and Richard Bucala

High-expression alleles of the cytokine macrophage migration in-
hibitory factor (MIF) are associated with severe joint destruction in au-
toimmune arthritis, but the mechanism for this effect is unknown. High-
genotypic MIF-expressing joint fibroblasts produce high levels of MIF
under inflammatory stimulation to up-regulate the surface expression
of the MIF signaling coreceptor CD44 and promote its alternative
splicing into invasive, tumor-associated isoforms, which con-
tribute to the invasive and tissue-destructive character of the
rheumatoid joint synovium. These findings support a precision
medicine approach to the treatment of rheumatoid arthritis by
pharmacologically targeting the MIF pathway in high-genotypic
MIF-expressing patients. (See pp. E7917–E7926.)

An oligotrophic deep-subsurface community dependent
on syntrophy is dominated by sulfur-driven
autotrophic denitrifiers
Maggie C. Y. Lau, Thomas L. Kieft, Olukayode Kuloyo, Borja Linage-Alvarez,
Esta van Heerden, Melody R. Lindsay, Cara Magnabosco, Wei Wang,
Jessica B. Wiggins, Ling Guo, David H. Perlman, Saw Kyin, Henry H.
Shwe, Rachel L. Harris, Youmi Oh, Min Joo Yi, Roland Purtschert,
Greg F. Slater, Shuhei Ono, Siwen Wei, Long Li, Barbara Sherwood Lollar,
and Tullis C. Onstott

Microorganisms are known to live in the deep subsurface, kilometers
below the photic zone, but the community-wide metabolic networks
and trophic structures (the organization of their energy and nutritional
hierarchy) remain poorly understood. We show that an active sub-
surface lithoautotrophic microbial ecosystem (SLiME) under oligo-
trophic condition exists. Taxonomically and metabolically diverse
microorganisms are supported, with sulfur-driven autotrophic de-
nitrifiers predominating in the community. Denitrification is a highly
active process in the deep subsurface that evaded recognition in the
past. This study highlights the critical role of metabolic cooperation,
via syntrophy between subsurface microbial groups, for the survival of
the whole community under the oligotrophic conditions that domi-
nate in the subsurface. (See pp. E7927–E7936.)

Proteomics and comparative genomics of Nitrososphaera
viennensis reveal the core genome and adaptations of
archaeal ammonia oxidizers
Melina Kerou, Pierre Offre, Luis Valledor, Sophie S. Abby, Michael
Melcher, Matthias Nagler, Wolfram Weckwerth, and Christa Schleper

Ammonia-oxidizing archaea (AOA), key players in global biogeo-
chemical cycles, represent a heterogeneous group with a broad
environmental distribution. Understanding their activity and
physiology is of great importance due to the impact of the overuse of
agricultural fertilizers on the N cycle and the production of the
greenhouse gas N2O during nitrification. Despite their
prominent ecological role, little is known about the funda-
mental metabolic processes of AOA. Here, we show that AOA
of marine and terrestrial environments share unique and well-
conserved pathways of carbon and nitrogen metabolism, and
we raise hypotheses about missing steps in these pathways.
Our approach also highlights the extensive environmental
adaptations of the soil clade, including the capacity for cell surface
modifications, carbohydrate conversions, detoxification, and biofilm
formation. (See pp. E7937–E7946.)

Reconstitution of a Mycobacterium tuberculosis
proteostasis network highlights essential cofactor
interactions with chaperone DnaK
Tania J. Lupoli, Allison Fay, Carolina Adura, Michael S. Glickman,
and Carl F. Nathan

The proteostasis pathway may be a source of new drug targets in
Mycobacterium tuberculosis (Mtb). The conserved protein chap-
erone DnaK is essential in Mycobacterium smegmatis and pre-
dicted to be essential in Mtb. DnaK is regulated by cofactors, J
proteins and nucleotide exchange factor GrpE. In contrast to most
bacterial pathogens, Mtb has two J proteins, DnaJ1 and DnaJ2.
Here, we characterize in vitro activities of Mtb DnaK, DnaJ1,
DnaJ2, and GrpE, the disaggregase ClpB, and the small heat shock
protein Hsp20, in reactivation of a protein aggregate. We found
that DnaJ1 and DnaJ2 are individually dispensable, but collec-
tively essential and mutations in a conserved motif of each
result in cellular loss of function. These findings will help in identi-
fying and characterizing inhibitors of Mtb’s proteostasis network.
(See pp. E7947–E7956.)

Context-dependent memory traces in the crab’s
mushroom bodies: Functional support for a common
origin of high-order memory centers
Francisco Javier Maza, Julieta Sztarker, Avishag Shkedy, Valeria Natacha
Peszano, Fernando Federico Locatelli, and Alejandro Delorenzi

Mushroom bodies (MBs) are higher brain structures of several
invertebrate groups, vastly studied in insects as a key structure
involved in memory processes. Moreover, MBs and the verte-
brate pallium have been proposed to share an ancestral common
origin. In crustaceans, the hemiellipsoid bodies (HBs) are pro-
posed to be homologues of the insect MBs. However, func-
tional evidence for the involvement of HBs in memory
processes is lacking. Here, in the crab Neohelice, we show
memory traces in the HBs that, as for MBs, reflect the context
attribute of memory. These results extend the homology based
on anatomy and gene expression to the functional level. Con-
sequently, present data support the hypothesis of a common
origin for the arthropods’ high-order memory centers. (See pp.
E7957–E7965.)
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Emergence of an abstract categorical code enabling the
discrimination of temporally structured tactile stimuli
Román Rossi-Pool, Emilio Salinas, Antonio Zainos, Manuel Alvarez, José
Vergara, Néstor Parga, and Ranulfo Romo

What are the neural codes that allow the discrimination of two
vibrotactile stimulus patterns of equal mean frequency? We
recorded single-neuron activity in primary somatosensory (S1)
and dorsal premotor (DPC) cortex while trained monkeys per-
formed a challenging pattern discrimination task. We found
a faithful representation of the stimuli in S1 and a heavily
transformed, more abstract, and highly varied set of responses in
DPC. Most notably, in addition to memory-related activity and
responses encoding the monkeys’ choices, the DPC data in-
cluded a large set of categorical neurons that code specific
combinations of past and present stimuli and, at the same time,
are strongly predictive of the monkeys’ behavior. (See pp.
E7966–E7975.)

Loss of β-adrenergic–stimulated phosphorylation of CaV1.2
channels on Ser1700 leads to heart failure
Linghai Yang, Dao-Fu Dai, Can Yuan, Ruth E. Westenbroek, Haijie Yu,
Nastassya West, Horacio O. de la Iglesia, and William A. Catterall

Calcium entry initiates contraction in cardiac myocytes, and al-
tered expression of voltage-gated calcium channel 1.2
(CaV1.2) causes heart failure in mice. Here we show that reducing
β-adrenergic regulation of CaV1.2 by mutation of a PKA site in the
C-terminal domain causes age-related heart failure. Dual muta-
tion of a nearby casein-kinase II phosphorylation site accelerated
heart failure. The PKA level was increased; PKA-mediated
phosphorylation of ryanodine receptor type-2, phospho-
lamban, and troponin-I was increased; the calcium pool in the
sarcoplasmic reticulum was increased; and the activity of the
calcium-dependent phosphoprotein phosphatase calcineurin
was persistently elevated. These changes in mice with a mutation
at the PKA site Ser1700 (SA mice) suggest that compensatory
mechanisms may initially enhance contractility but eventually cause
increased sensitivity to cardiovascular stress and heart failure. (See
pp. E7976–E7985.)

Mechanism of gating by calcium in connexin hemichannels
William Lopez, Jayalakshmi Ramachandran, Abdelaziz Alsamarah, Yun
Luo, Andrew L. Harris, and Jorge E. Contreras

Connexin channels are ubiquitous, providing pathways for
movement of molecules between cells (junctional channels) and for
release of molecular effectors into the extracellular environment
(plasma membrane hemichannels). To maintain an adequate per-
meability barrier, hemichannels are tightly regulated by normal
extracellular Ca2+ to be closed under most conditions. Connexin
mutations that disrupt hemichannel regulation by Ca2+ cause hu-
man pathologies due to aberrantly open hemichannels. Here we
elucidate molecular mechanisms of gating by Ca2+ in hemi-
channels: Ca2+ binding causes a reorganization of specific in-
teractions within the connexin protein that lead to a closed channel.
Further, we show that the actual “gate” is deeper into the pore
from where Ca2+ binds. The interactions involved are conserved
across connexins, pointing to a general mechanism. (See pp.
E7986–E7995.)

Root nodule symbiosis in Lotus japonicus drives the
establishment of distinctive rhizosphere, root, and
nodule bacterial communities
Rafal Zgadzaj, Ruben Garrido-Oter, Dorthe Bodker Jensen, Anna
Koprivova, Paul Schulze-Lefert, and Simona Radutoiu

Legumes are known as pioneer plants colonizing marginal soils, and
as enhancers of the nutritional status in cultivated soils. This bene-
ficial activity has been explained by their capacity to engage in
symbiotic relationship with nitrogen-fixing rhizobia. We performed a
community profiling analysis of Lotus japonicus wild type and mu-
tants to investigate the role of the nodulation pathway on the
structure of the root-associated bacterial microbiota. We found that
several bacterial orders were almost entirely depleted from the
mutant roots, and that an intact symbiosis is needed for the estab-
lishment of taxonomically diverse and distinctive bacterial commu-
nities in the root and rhizosphere. Our findings imply that a
symbiosis-linked bacterial community, rather than dinitrogen-fixing
rhizobia alone, contributes to legume growth and ecological perfor-
mance. (See pp. E7996–E8005.)
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