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Nature of ground and electronic excited states
of higher acenes

Yang Yang, Erest R. Davidson, and Weitao Yang

Higher acenes are promising organic semicond-
uctors with versatile electronic properties. A better un-
derstanding of their ground- and electronic excited
states will benefit further molecular design and future
applications. However, their instability and multi-
reference character have impeded experimental and
theoretical studies. Here, we use the recently de-
veloped particle—particle random-phase approxima-
tion in combination with a diradical analysis to unveil
the nature of their ground- and electronic excited
states. The excitation energies are presented, along
with a detailed description of the bonding nature,
which switches from regular molecules to full diradicals,
and then even to polyradicals. The likelihood of singlet
fission is briefly discussed from an energetic perspec-
tive. (See pp. E5098-E5107.)

Mouse MORC3 is a GHKL ATPase that localizes
to H3K4me3 marked chromatin

Sisi Li, Linda Yen, William A. Pastor, Jonathan B. Johnston,
Jiamu Du, Colin J. Shew, Wanlu Liu, Jamie Ho, Bryan
Stender, Amander T. Clark, Alma L. Burlingame, Lucia
Daxinger, Dinshaw J. Patel, and Steven E. Jacobsen

The Microrchidia (MORC) family of ATPases are im-
portant regulators of gene silencing in multiple organ-
isms but little is known about their molecular behavior.
In this study, we used crystallography and native mass
spectrometry to show that MORC3 forms dimers when
it binds to nonhydrolyzable ATP analogues. We also
determined that the CW zinc finger-like domain of
MORC3 can bind euchromatic histone H3 lysine 4
(H3K4) methylation and that MORC3 localizes to
H3K4me3-marked chromatin. The MORC3 crystal
structure provides details as to the intermolecular
interactions that allow dimerization and the binding
to ATP and histones. This work reveals key molecular
activities of MORC3 that might apply to other MORC
family members in eukaryotic organisms. (See pp.
E5108-E5116.)

Curvature—undulation coupling as a basis for
curvature sensing and generation in

bilayer membranes

Ryan P. Bradley and Ravi Radhakrishnan

Most intracellular trafficking and many intercellular
communications are orchestrated by curvature-driven
or curvature-associated cellular processes. Hence, un-
derstanding how proteins sculpt lipid bilayers is vital

www.pnas.org/cgi/doi/10.1073/pnas.ss11335

to our understanding of how cell membranes mod-
ulate cell signaling pathways and consequent cell
fate. In this study, we present coarse-grained molec-
ular dynamics simulations of the epsin N-terminal
homology domain interacting with a lipid bilayer and
demonstrate a cooperative and fluctuation-mediated
mechanism by which these proteins can generate
curvature in bilayer membranes as well as sense cur-
vature at large distances compared with their size.
(See pp. E5117-E5124.)

Structural conservation in the template/
pseudoknot domain of vertebrate telomerase
RNA from teleost fish to human

Yagiang Wang, Joseph D. Yesselman, Qi Zhang, Mijeong
Kang, and Juli Feigon

Telomerase synthesizes the telomeric DNA at the 3’
ends of chromosomes and maintains genome in-
tegrity. Telomerase RNA (TR) provides the template
for telomere-repeat synthesis within a template/
pseudoknot (/PK) domain that is essential for activity.
We investigated the structure and dynamics of the
t/PK from medaka fish, which contain the smallest
vertebrate TR, using NMR and modeling. Despite
differences in length, sequence, and predicted sec-
ondary structure with human TR, the remarkable
similarities between subdomains, including one newly
identified in medaka, reveal a conserved architecture
for vertebrate t/PK. Combining our model of the full-
length pseudoknot and information from the 9-A
structure of Tetrahymena telomerase, we propose
models for the interaction of medaka and human t/PK
with telomerase reverse transcriptase, providing in-
sight into function. (See pp. E5125-E5134.)

Cilium transition zone proteome reveals
compartmentalization and differential

dynamics of ciliopathy complexes

Samuel Dean, Flavia Moreira-Leite, Vladimir Varga,

and Keith Gull

Cilia are highly conserved organelles present in most
eukaryotic cell types. The transition zone (TZ) is a ciliary
subdomain that acts as a “gate” to control the com-
position of the cilium. The importance of the TZ is
reflected in the many human diseases (termed cil-
iopathies) that are caused by mutations in TZ com-
plexes. Here, we use a new proteomics technique to
find new components of the African trypanosome TZ.
We leverage the extraordinary tractability of this sys-
tem to investigate TZ proteins, localizing them to distinct
subdomains within the TZ, and demonstrating their
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essential roles in building cilia. We show that while orthologs of some
ciliopathy complexes show long-term association with the TZ, others
are highly dynamic. (See pp. E5135-E5143.)

Regulation of intracellular heme trafficking revealed

by subcellular reporters

Xiaojing Yuan, Nicole Rietzschel, Hanna Kwon, Ana Beatriz Walter Nuno,
David A. Hanna, John D. Phillips, Emma L. Raven, Amit R. Redd,

and Igbal Hamza

The intracellular and extracellular trafficking of heme, a hydro-
phobic and potentially cytotoxic cofactor in proteins such as
hemoglobin, remains an underexplored area. While cellular
heme can be derived exogenously or from de novo synthesis, it
is unclear if there is differential trafficking of heme from these
two sources. To critically examine this possibility, we developed
peroxidase-based enzymatic reporters for heme and deployed
them in subcellular compartments in mammalian cells and in
several tissues in the Caenorhabditis elegans animal model. Our
results show that extracellular and endogenous heme is traf-
ficked to virtually all intracellular compartments via distinct
cellular routes and that interorgan heme transport is essential
for systemic regulation of heme homeostasis in C. elegans.
(See pp. E5144-E5152))

Notch-mediated lateral inhibition regulates proneural
wave propagation when combined with EGF-mediated
reaction diffusion

Makoto Sato, Tetsuo Yasugi, Yoshiaki Minami, Takashi Miura,

and Masaharu Nagayama

Notch-mediated lateral inhibition regulates binary cell fate choice,
resulting in salt and pepper patterns during various developmental
processes. The wave of differentiation in the Drosophila visual
center accompanies Notch activity that is propagated without the
formation of a salt and pepper pattern, implying that Notch does
not regulate lateral inhibition during this process. In this study, by
combining mathematical modeling and genetic analysis, we
showed that Notch-mediated lateral inhibition is implemented
within the proneural wave. The combination of Notch-mediated
lateral inhibition and EGF-mediated reaction diffusion enables a
function of Notch signaling that regulates propagation of the wave
of differentiation. (See pp. E5153-E5162.)

Extensive sequence divergence between the reference
genomes of two elite indica rice varieties Zhenshan

97 and Minghui 63

Jianwei Zhang BKE4$), Ling-Ling Chen (R¥5%), Feng Xing (B4%), David A.
Kudrna, Wen Yao (#§3X), Dario Copetti, Ting Mu (1), Weiming

Li Z={%80), Jia-Ming Song (REEBH), Weibo Xie (1 7318), Seunghee Lee,
Jayson Talag, Lin Shao (BR#K), Yue An (&%), Chun-Liu Zhang (&K&W,
Yidan Ouyang (RXPHINEH), Shuai Sun (FhM), Wen-Biao Jiao (H3X#5), Fang
Lv (B%), Bogu Du (#:18%), Meizhong Luo (B 3%H), Carlos Emnesto
Maldonado, Jose Luis Goicoechea, Lizhong Xiong (R&3L{#}), Changyin
Wu (R E4R), Yongzhong Xing (85K #8), Dao-Xiu Zhou (BI&E%), Sibin
Yu (RIUIR), Yu Zhao (B #%), Gongwei Wang (E311F), Yeisoo Yu, Yijie
Luo (B Z3E), Zhi-Wei Zhou (A% 1%), Beatriz Elena Padilla Hurtado,
Ann Danowitz, Rod A. Wing, and Qifa Zhang (k)8 %)

Indica rice accounts for >70% of total rice production worldwide, is
genetically highly diverse, and can be divided into two major vari-
etal groups independently bred and widely cultivated in China and
Southeast Asia. Here, we generated high-quality genome sequences
for two elite rice varieties, Zhenshan 97 and Minghui 63, representing
the two groups of indica rice and the parents of a leading rice
hybrid. Comparative analyses uncovered extensive structural
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differences between the two genomes and complementarity in
their hybrid transcriptome. These findings have general implica-
tions for understanding intraspecific variations of organisms
with complex genomes. The availability of the two genomes
will serve as a foundation for future genome-based explora-
tions in rice toward both basic and applied goals. (See pp.
E5163-E5171.)

Patrolling monocytes promote intravascular neutrophil
activation and glomerular injury in the acutely

inflamed glomerulus

Michaela Finsterbusch, Pam Hall, Anqi Li, Sapna Devi, Clare L. V.
Westhorpe, A. Richard Kitching, and Michael J. Hickey

Nonclassical monocytes patrol the microvascular lumen in nu-
merous organs in behavior thought to represent a form of
immune surveillance. However, the mechanisms whereby they
promote inflammatory responses are unclear. Here, we show
using in vivo imaging that, in the unique microvasculature of the
glomerulus in the kidney, monocytes constitutively undergo
interactions with intravascular migratory neutrophils. Upon in-
duction of glomerular inflammation, neutrophils that interact
with monocytes show increased retention in glomerular capil-
laries and increased propensity to generate reactive oxygen
species, leading to renal injury. These findings of immune cell
interactions occurring within the glomerular microvasculature
indicate that cell-cell contact between neutrophils and non-
classical monocytes is a previously unrecognized intravascular
inflammatory mechanism underpinning glomerular injury. (See
pp. E5172-E5181.)

Sickle cell anemia mice develop a unique cardiomyopathy
with restrictive physiology

Nihal Bakeer, Jeanne James, Swarnava Roy, Janaka Wansapura, Shiva
Kumar Shanmukhappa, John N. Lorenz, Hanna Osinska, Kurt Backer,
Anne-Cecile Huby, Archana Shrestha, Omar Niss, Robert Fleck, Charles T.
Quinn, Michael D. Taylor, Enkhsaikhan Purevjav, Bruce J. Aronow,

Jeffrey A. Towbin, and Punam Malik

Sickle cell anemia (SCA) is a common monogenic disorder associated
with significant morbidity and mortality and a high incidence of un-
explained sudden death in young adults. With the prevention of in-
fections, there is an increasing appreciation for cardiopulmonary
complications and a cardiac phenotype that cannot be solely attrib-
uted to chronic anemia. We used mouse models of SCA and iron-
deficient anemia to show distinct functional, pathological,
ultrastructural, and molecular cardiac features causing a unique
restrictive cardiomyopathy in SCA that predisposed the myocar-
dium to electrophysiological abnormalities and sudden death. This
is a comprehensive longitudinal analysis in preclinical mouse
models that unifies the previously reported diverse cardiac
phenotypes in SCA, and opens new avenues for early diagnostics
and targeted therapies for human SCA-related cardiac disease.
(See pp. E5182-E5191))

p53 down-regulates SARS coronavirus replication and is
targeted by the SARS-unique domain and PLP™ via E3
ubiquitin ligase RCHY1

Yue Ma-Lauer, Javier Carbajo-Lozoya, Marco Y. Hein, Marcel A. Miiller,
Wen Deng, Jian Lei, Benjamin Meyer, Yuri Kusov, Brigitte von Brunn, Dev

Raj Bairad, Sabine Hinten, Christian Drosten, Heiko Hermeking, Heinrich
Leonhardt, Matthias Mann, Rolf Hilgenfeld, and Albrecht von Brunn

Severe acute respiratory syndrome coronavirus (SARS-CoV) is one of
the most pathogenic human coronaviruses. Virulence is reflected in
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the molecular interplay between virus and host cells. Here we show
a strategy of how SARS-CoV antagonizes the host antiviral factor
P53, which impairs viral replication. The papain-like protease of the
nonstructural protein 3 of SARS-CoV and other coronaviruses
physically interact with and stabilize E3 ubiquitin ligase ring-
finger and CHY zinc-finger domain-containing 1 (RCHY1), thereby
augmenting RCHY1-mediated degradation of p53. The SARS-
unique domain (SUD) enhances these effects. Knockout of p53
promotes replication of SARS-CoV replicons and of infectious
virus. Taken together we identify cellular p53 as antiviral
measure of coronavirus-infected cells, which is counteracted
via the stabilization of RCHY1 by viral SUD and papain-like
protease (PLP™) proteins and via ubiquitination of p53. (See
pp. E5192-E5201.)

Two distinct mechanisms of transcriptional regulation by
the redox sensor YodB

Sang Jae Lee, In-Gyun Lee, Ki-Young Lee, Dong-Gyun Kim, Hyun-Jong
Eun, Hye-Jin Yoon, Susanna Chae, Sung-Hyun Song, Sa-Ouk Kang,
Min-Duk Seo, Hyoun Sook Kim, Sung Jean Park, and Bong-Jin Lee
Bacteria sense and protect themselves against oxidative stress
using redox-sensing transcription regulators with cysteine resi-
dues. Here, we investigate at the molecular level how the YodB
protein, a transcription repressor in Bacillus subtilis, monitors
and responds to different oxidative stresses. Diamide stress
leads to the formation of disulfide bonds between cysteine
residues, whereas the more toxic quinone compound methyl-p-
benzoquinone forms an adduct on a specific cysteine residue.
These chemical modifications lead to considerably different
changes in the YodB structure, causing the release of YodB from
the DNA of antioxidant genes. The redox-sensing transcription
regulator YodB allows B. subtilis to respond to multiple oxidative
signals of differing toxicity by adopting different structures. (See
pp. E5202-E5211.)

Holdase activity of secreted Hsp70 masks amyloid-p42
neurotoxicity in Drosophila

Pedro Fernandez-Funez, Jonatan Sanchez-Garcia, Lorena

de Mena, Yan Zhang, Yona Levites, Swati Khare, Todd E. Golde,

and Diego E. Rincon-Limas

Heat shock protein 70 (Hsp70) is a critical protein with many
protective activities inside the cell. We demonstrate that forced
secretion of Hsp70 is beneficial against the extracellular protein
aggregates typical of Alzheimer's disease (AD). Engineering
Hsp70 enables its interaction with the amyloid-p42 peptide, the
main pathogenic agent in AD. This interaction suppresses
amyloid-p toxicity in the eye, reduces cell death in brain neu-
rons, and protects neuronal architecture and function. In-
terestingly, secreted Hsp70 exerts this protective activity
without utilizing its refolding activity and without decreasing
the levels and aggregation of amyloid-p42. These results sug-
gest a protective mechanism mediated by direct binding to
amyloid-p42, which blocks amyloid-p42 neurotoxicity. We dis-
cuss here the potential therapeutic benefits of secreted Hsp70.
(See pp. E5212-E5221))

Single-cell RNAseq reveals cell adhesion molecule profiles
in electrophysiologically defined neurons

Csaba Foldy, Spyros Darmanis, Jason Aoto, Robert C. Malenka, Stephen R.
Quake, and Thomas C. Stidhof

Synapses functionally connect neurons in the brain and mediate
information processing relevant to all aspects of life. Among
others, synaptic connections are enabled by cell adhesion mol-
ecules, which connect presynaptic and postsynaptic membranes
by binding to each other via the synaptic cleft. Mammalian genomes
express hundreds of cell adhesion molecules whose combinatorial
utilization is thought to contribute to the brain’s “connectivity code.”
Such code could explain the versatility of synapses as well as the
logic of connectivity between cell types. Here, we used single-cell
RNA sequencing to analyze the expression of cell adhesion mole-
cules and other signaling proteins in defined cell types, and found
developmental patterns that potentially identify relevant ele-
ments of the connectivity code. (See pp. E5222-E5231.)

Regulatory network analysis reveals novel regulators of
seed desiccation tolerance in Arabidopsis thaliana

Sandra Isabel Gonzélez-Morales, Ricardo A. Chavez-Montes, Corina
Hayano-Kanashiro, Gerardo Alejo-Jacuinde, Thelma Y. Rico-Cambron,
Stefan de Folter, and Luis Herrera-Estrella

Seed desiccation tolerance (DT) is one of the most fascinating
processes of higher plants, and has played a fundamental role in
the evolution of land plants. DT allows plant seeds to remain
viable in the dry state for years and even centuries. What the key
transcription factors (TFs) are that activate the mechanisms that
allow plant seeds to maintain cellular and DNA integrity for
centuries remains largely unknown. In this paper, we report the
identification of the TFs that act as major nodes of the tran-
scriptional networks that regulate the acquisition of seed DT. We
also report the functional validation of several of the major reg-
ulators of seed DT in plants. (See pp. E5232-E5241.)

Rapid hyperosmotic-induced Ca®* responses in
Arabidopsis thaliana exhibit sensory potentiation
and involvement of plastidial KEA transporters

Aaron B. Stephan, Hans-Henning Kunz, Eric Yang, and Julian I. Schroeder

How plant roots initially sense osmotic stress in an environment of
dynamic water availabilities remains largely unknown. Plants can
perceive water limitation imposed by soil salinity or, potentially, by
drought in the form of osmotic stress. Rapid osmotic stress-induced
intracellular calcium transients provide the opportunity to dissect
quantitatively the sensory mechanisms that transmit osmotic stress
under environmental and genetic perturbations in plants. We
describe a phenomenon whereby prior exposure to osmotic
stress increases the sensitivity of the rapid calcium responses to
subsequent stress. Further, mutations in plastidial K* exchange
antiporter (KEA)1/2 and KEA3 transporters were unexpectedly
found to reduce the rapid osmotic stress-induced calcium eleva-
tion. These findings advance the understanding of the mecha-
nisms underlying the rapid osmotic stress response in plants.
(See pp. E5242-E5249.)
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