o
z
>
7
o
=
c
v

D\

7 PNAS PLUS

L))

Check for
updates

PNAS Plus Significance Statements

History of art paintings through the lens of
entropy and complexity

Higor Y. D. Sigaki, Matjaz Perc, and Haroldo V. Ribeiro
The critical inquiry of paintings is essentially com-
parative. This limits the number of artworks that can
be investigated by an art expert in reasonable time.
The recent availability of large digitized art collec-
tions enables a shift in the scale of such analysis
through the use of computational methods. Our
research shows that simple physics-inspired metrics
that are estimated from local spatial ordering pat-
terns in paintings encode crucial information about
the artwork. We present numerical scales that map
well to canonical concepts in art history and reveal
a historical and measurable evolutionary trend in
visual arts. They also allow us to distinguish dif-
ferent artistic styles and artworks based on the
degree of local order in the paintings. (See pp.
E8585-E8594.)

Entropic forces drive clustering and spatial
localization of influenza A M2 during

viral budding

Jesper J. Madsen, John M. A. Grime, Jeremy S. Rossman,
and Gregory A. Voth

For influenza virus to release from the infected host
cell, controlled viral budding must finalize with
membrane scission of the viral envelope. Curiously,
influenza carries its own protein, M2, which can
sever the membrane of the constricted budding
neck. Here we elucidate the physical mechanism of
clustering and spatial localization of the M2 scission
proteins through a combined computational and
experimental approach. Our results provide fun-
damental insights into how M2 clustering and
localization interplay with membrane curvature,
membrane lateral stresses, and lipid bilayer phase
behavior during viral budding to contribute to
virion release. (See pp. E8595-E8603.)

Dynamic process connectivity explains
ecohydrologic responses to rainfall

pulses and drought

Allison E. Goodwell, Praveen Kumar, Aaron W. Fellows,
and Gerald N. Flerchinger

In the face of changing climate, weather variability,
and land cover, it is important to understand how
ecosystem components vary jointly to determine
how the system responds as a whole. While previous
works have identified thresholds along climate

9060-9064 | PNAS | September 11, 2018 | vol. 115 | no. 37

gradients regarding precipitation, soils, and vege-
tation, we relate these thresholds to shifts in con-
nectivity between variables, captured through joint
variability, to better understand whole-system at-
tributes of resilience, sensitivity, and vulnerability.
We use data from flux tower transects along eleva-
tion gradients to address the relationship between
joint connectivity and energy, water, and carbon flux
responses to changes in moisture availability. This
analysis reveals differences in joint variability be-
tween locations that can help explain responses to
disturbances such as rain events or drought. (See pp.
E8604-E8613.)

Structural and mechanistic analysis of the
arsenate respiratory reductase provides insight
into environmental arsenic transformations
Nathaniel R. Glasser, Paul H. Oyala, Thomas H. Osborne,
Joanne M. Santini, and Dianne K. Newman

Microbial arsenate respiration enhances the mobil-
ity of arsenic and contributes to the poisoning of
tens of millions of people worldwide. Our ability to
quantitatively predict how microbial activities shape
arsenic geochemistry depends on a detailed un-
derstanding of how the enzymes that catalyze
arsenate reduction work under environmentally
relevant conditions. The structural and kinetic findings
of the Arr enzyme complex reported here both help
rationalize its extracytoplasmic localization and allow
us to predict that the rate of arsenate release from
minerals likely constrains its activity in sedimentary
environments. Moreover, this work illustrates that
engineering environmental bacteria to overexpress
their native proteins can be straightforward, a strategy
that may advance the study of enzymes that are
challenging to express in traditional hosts. (See pp.
E8614-E8623.)

B-Subunit of the voltage-gated Ca?* channel
Cav1.2 drives signaling to the nucleus via H-Ras
Evrim Servili, Michael Trus, Daphne Maayan,

and Daphne Atlas

The L-type voltage-gated calcium channel Cav1.2
mediates depolarization-triggered signaling cascades
that regulate neuronal-specific transcription factors
such as CREB and immediate-early genes. We dem-
onstrate that the interaction of the intracellular B-
subunit of the channel with H-Ras is indispensable
for depolarization-triggered gene activation. The
binding of the recombinant B-subunit to H-Ras and H-
Ras pulldown assays confirms the ability of H-Ras to

www.pnas.org/cgi/doi/10.1073/pnas.ss11537


http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.ss11537&domain=pdf
www.pnas.org/cgi/doi/10.1073/pnas.ss11537

L T

z

1\

BN AS  DNAS P

physically interact with the B-subunit. We show that gene tran-
scription also requires the binding of Ca”* to the channel pore
and is calcium-influx independent. These results delineate
Cav1.2-H-Ras interaction by extracellular signaling as a mode of
rapid induction of gene transcription. They expand the repertoire
of Cav1.2 metabotropic signaling triggered by depolarization-
induced conformational changes, which require channel-
pore occupancy and are calcium-influx independent. (See pp.
E8624-E8633.)

De novo formation of an aggregation pheromone
precursor by an isoprenyl diphosphate synthase-related
terpene synthase in the harlequin bug

Jason Lancaster, Ashot Khrimian, Sharon Young, Bryan Lehner, Katrin Luck,
Anna Wallingford, Saikat Kumar B. Ghosh, Philipp Zerbe, Andrew
Muchlinski, Paul E. Marek, Michael E. Sparks, James G. Tokuhisa, Claus
Tittiger, Tobias G. KélIner, Donald C. Weber, Dawn E. Gundersen-Rindal,
Thomas P. Kuhar, and Dorothea Tholl

Many insects release volatile terpenes for chemical communica-
tion. However, the biosynthetic origin and evolution of these
infochemicals are mostly unknown. We show that the harlequin
bug, Murgantia histrionica, a stink bug pest (Hemiptera) of cru-
cifer crops, produces a terpene aggregation pheromone by an
enzyme that is unrelated to microbial and plant terpene syn-
thases. M. histrionica terpene synthase activity is highly sex- and
tissue-specific and makes a sesquiterpene alcohol, so far un-
known in animals, as pheromone precursor. The enzyme evolved
from ancestral isoprenyl diphosphate synthases and provides
new evidence for de novo biosynthesis of terpenes in hemipteran
insects. Knowledge of pheromone biosynthesis in stink bugs may
lead to the development of new controls of these pests. (See pp.
E8634-E8641.)

Conformational changes in Arp2/3 complex induced by
ATP, WASp-VCA, and actin filaments

Sofia Espinoza-Sanchez, Lauren Ann Metskas, Steven Z. Chovu,

Elizabeth Rhoades, and Thomas D. Pollard

Arp2/3 complex consists of actin-related proteins 2 and 3 with
five other subunits. It forms actin filament branches under the
regulation of ATP, actin monomers, actin filaments, and a
nucleation-promoting factor (NPF). Here we used fluorescence
spectroscopy and EM to characterize conformational changes in
Arp2/3 complex along the pathway of actin filament branch for-
mation. ATP binding to Arp2/3 complex causes small local
changes in Arp2 and Arp3. NPF binding causes a larger confor-
mational change that moves Arp2 closer to Arp3 and favors
binding to the side of an actin filament, which allows further
rearrangement of the subunits in the complex and growth of the
new branch. (See pp. E8642-E8651.)

QTY code enables design of detergent-free chemokine
receptors that retain ligand-binding activities

Shuguang Zhang, Fei Tao, Rui Qing, Hongzhi Tang, Michael Skuhersky,
Karolina Corin, Lotta Tegler, Asmamaw Wassie, Brook Wassie, Yongwon
Kwon, Bernhard Suter, Clemens Entzian, Thomas Schubert, Ge Yang, Jérg
Labahn, Jan Kubicek, and Barbara Maertens

The QTY (glutamine, threonine, and tyrosine) code-designed
detergent-free chemokine receptors may be useful in many ap-
plications. The QTY variants may be useful not only as reagents in
deorphanization studies but also for designing biologics to treat
cancer and autoimmune or infectious diseases. The QTY code
allows membrane proteins to be systematically designed through

simple, specific amino acid substitutions. The QTY code is robust
and straightforward: It is the simplest tool to carry out membrane
protein design without sophisticated computer algorithms. Thus
it can be used broadly. The QTY code has implications for de-
signing additional G protein-coupled receptors and other mem-
brane proteins or, potentially, for rendering water-insoluble and
aggregated proteins soluble. (See pp. E8652-E8659.)

Long noncoding RNA NEAT1 (nuclear paraspeckle
assembly transcript 1) is critical for phenotypic

switching of vascular smooth muscle cells

Abu Shufian Ishtiag Ahmed, Kunzhe Dong, Jinhua Liu, Tong Wen, Luyi Yu,
Fei Xu, Xiuhua Kang, Islam Osman, Guoqging Hu, Kristopher M. Bunting,
Danielle Crethers, Hongyu Gao, Wei Zhang, Yunlong Liu, Ke Wen,
Gautam Agarwal, Tetsuro Hirose, Shinichi Nakagawa, Almira
Vazdarjanova, and Jiliang Zhou

Many occlusive vascular diseases in humans are largely de-
pendent upon vascular smooth muscle cell (VSMC) phenotypic
switching from a contractile to a proliferative phenotype, con-
tributing to the formation of intimal lesions that eventually block
the blood flow. Previous studies showed that the long non-
coding RNA (IncRNA) NEATT1 is critical for tumorigenesis. In this
report, we showed that NEATT expression was not only induced
in VSMCs during phenotypic switching but functionally was
critical for the smooth muscle phenotypic change. Our study
demonstrates an unexpected role of the IncRNA NEATT in
VSMCs and suggests that NEATT is a novel therapeutic target
for treating occlusive vascular diseases in humans. (See pp.
E8660-E8667.)

BRAF/MAPK and GSK3 signaling converges to control
MITF nuclear export

Kao Chin Ngeow, Hans J. Friedrichsen, Linxin Li, Zhigiang Zeng, Sarah
Andrews, Laurent Volpon, Hannah Brunsdon, Georgina Berridge,

Sarah Picaud, Roman Fischer, Richard Lisle, Stefan Knapp, Panagis
Filippakopoulos, Helen Knowles, Eirikur Steingrimsson, Katherine L. B.
Borden, E. Elizabeth Patton, and Colin R. Goding

Signaling pathways ultimately exert their influence on cell be-
havior by regulating the activity of transcription factors that
drive gene expression programs associated with specific cell
phenotypes. How transcription factors integrate the outputs
from multiple independent signaling events to coordinate cell
behavior is a key issue. Here, we identify a regulated nuclear
export signal in the lineage survival oncogene and cell fate-
determining factor MITF. The regulated export signal in-
tegrates the outputs from the MAPK signaling pathway with
those regulating GSK3 that play key roles in development and
disease. The regulation of MITF nuclear export provides a
means by which these key signaling pathways tune MITF activity
that, in turn, controls cell identity in development and disease.
(See pp. E8668-E8677.)

Physical foundations of biological complexity
Yuri I. Wolf, Mikhail I. Katsnelson, and Eugene V. Koonin

Living organisms are characterized by a degree of hierarchical
complexity that appears to be inaccessible to even the most
complex inanimate objects. Routes and patterns of the evolution
of complexity are poorly understood. We propose a general
conceptual framework for emergence of complexity through
competing interactions and frustrated states similar to those that
yield patterns in striped glasses and cause self-organized
criticality. We show that biological evolution is replete with
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competing interactions and frustration that, in particular, drive
major transitions in evolution. The key distinction between
biological and nonbiological systems seems to be the existence of
long-term digital memory and phenotype-to-genotype feedback in
living matter. (See pp. E8678-E8687.)

Global analysis of mutations driving microevolution of a
heterozygous diploid fungal pathogen

luliana V. Ene, Rhys A. Farrer, Matthew P. Hirakawa, Kennedy Agwamba,
Christina A. Cuomo, and Richard J. Bennett

Evolution acts on mutations that naturally arise within the ge-
nome and are shaped both by intrinsic genomic features and by
the cellular environment. We catalog the mutations arising in a
heterozygous diploid yeast during passaging in vitro and in the
mammalian host. We establish genome-wide mutation rates and
reveal that “microscale” changes (base substitutions and short-
track recombination events) are the primary drivers of micro-
evolution, although chromosomal-level changes also occur in
specific host environments. Our results define mutation hotspots,
including those adjoining recombination tracts, and indicate that
many mutations are purged from the population due to purifying
selection. Together, these data provide a high-resolution picture
of how the heterozygous diploid genome of a fungal patho-
gen undergoes evolution over short time scales. (See pp.
E8688-E8497.)

Adjuvant effect of the novel TLR1/TLR2 agonist
Diprovocim synergizes with anti-PD-L1 to

eliminate melanoma in mice

Ying Wang, Lijing Su, Matthew D. Morin, Brian T. Jones, Yuto Mifune,
Hexin Shi, Kuan-wen Wang, Xiaoming Zhan, Aijie Liu, Jianhui Wang,
Xiaohong Li, Miao Tang, Sara Ludwig, Sara Hildebrand, Kejin Zhou,
Daniel J. Siegwart, Eva Marie Y. Moresco, Hong Zhang, Dale L. Boger,
and Bruce Beutler

Adjuvants enhance adaptive immune responses, sometimes
through unknown mechanisms, and can be used to augment
both humoral and cellular responses to cancer antigens. We
report the immunological effects of the synthetic chemical ad-
juvant Diprovocim, which targets the innate immune receptor
TLR1/TLR2 in mice and humans. Diprovocim displayed strong
adjuvant activity in mice, particularly abetting cellular immune
responses. Immunization against a genetically engineered
tumor-specific antigen, ovalbumin, when adjuvanted with
Diprovocim, inhibited growth of B16 melanoma and prolonged
survival in the presence of immune checkpoint blockade by
anti-PD-L1; 100% of mice responded to treatment. Our data
suggest Diprovocim boosts the success of anti-PD-L1 treatment
by increasing the number and activation of tumor-specific CTLs
capable of responding to this checkpoint inhibitor. (See pp.
E8698-E8706.)

Structure of a patient-derived antibody in complex with
allergen reveals simultaneous conventional and
superantigen-like recognition

Alkistis N. Mitropoulou, Holly Bowen, Tihomir S. Dodev, Anna M. Davies,
Heather J. Bax, Rebecca L. Beavil, Andrew J. Beavil, Hannah J. Gould,
Louisa K. James, and Brian J. Sutton

We have discovered that a human antibody can simultaneously
bind two molecules of antigen, in this case a grass pollen
allergen, one in a conventional manner and the other un-
conventionally. The two allergen molecules also bridge two
identical antibodies. These observations challenge the dogma
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that one antibody recognizes only a single antigen/allergen
epitope. The mechanism of antibody cross-linking seen here may
explain the potency of certain allergens in triggering an allergic
reaction, extending our understanding of the nature of allerge-
nicity and informing the design of hypoallergenic molecules for
allergen immunotherapy. This dual reactivity and potential for
cross-linking surface immunoglobulin on B cells suggests mech-
anisms by which human autoimmune and other diseases might
be initiated. (See pp. E8707-E8716.)

Mechanisms of enhanced drug delivery in brain metastases
with focused ultrasound-induced blood-tumor

barrier disruption

Costas D. Arvanitis, Vasileios Askoxylakis, Yutong Guo, Meenal Datta,
Jonas Kloepper, Gino B. Ferraro, Miguel O. Bernabeu, Dai Fukumura,
Nathan McDannold, and Rakesh K. Jain

Improved penetration along with accurate prediction and
mechanistic understanding of anticancer agent delivery across
the blood-brain/blood-tumor barrier (BBB/BTB) are essential for
the rational development of effective therapeutic strategies
in intracranial malignancies. In this study, we provide insights
in drug pharmacokinetics in brain metastases after focused
ultrasound-induced BBB/BTB disruption by integrating quantita-
tive microscopy with mathematical modeling. We demonstrate
that focused ultrasound-induced BBB/BTB disruption contributes
to enhanced interstitial convective transport in solid tumors, in
addition to alleviating vascular barriers, and provide evidence of
improved penetration of nontargeted and antibody-targeted
chemotherapies. Together, our work provides a unified frame-
work for prospective, quantitative, and mechanistic investigation
of the penetration of anticancer drugs across the BBB/BTB in
brain tumors. (See pp. E8717-E8726.)

Precursor proadrenomedullin influences cardiomyocyte
survival and local inflammation related to

myocardial infarction

Svenja Hinrichs, Katharina Scherschel, Saskia Kriiger, Johannes Tobias
Neumann, Michael Schwarzl, Isabell Yan, Svenja Warnke, Francisco M.
Ojeda, Tanja Zeller, Mahir Karakas, Till Keller, Christian Meyer, Stefan
Blankenberg, Dirk Westermann, and Diana Lindner

Myocardial infarction (M) is one of the leading causes of death
worldwide and is characterized by apoptosis and inflammation.
While increased adrenomedullin (ADM) levels after Ml are as-
sociated with disease severity, ADM infusion leads to anti-
apoptotic effects, suggesting a self-protective mechanism.
ADM is cleaved from a full-length precursor protein (ProADM), a
putatively inactive prohormone. Our data show that ProADM is
biologically active by reducing apoptosis to a similar extent as
ADM. In contrast to ADM, ProADM has proinflammatory ef-
fects on cardiac fibroblasts but antiinflammatory effects on
activated leukocytes. We assume that ProADM induces local
inflammation but attenuates exaggerated inflammation. Our
data suggest that both proteins are beneficial during Ml by
regulating inflammation and reducing apoptosis of cardiomyocytes.
(See pp. E8727-E8736.)

Circular DNA tumor viruses make circular RNAs

Tuna Toptan, Bizunesh Abere, Michael A. Nalesnik, Steven H. Swerdlow,
Sarangarajan Ranganathan, Nara Lee, Kathy H. Shair, Patrick S. Moore,
and Yuan Chang

Circular RNAs (circRNAs) play critical physiologic functions, but
it is not known whether human DNA viruses express circRNAs.
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We surveyed Epstein—Barr virus (EBV) and Kaposi's sarcoma
herpesvirus (KSHV) tumors and cell lines, and found specific
circRNAs expressed from both viruses. EBV circular BamHI A
rightward transcripts (circBARTs) were expressed in all EBV
tumor latency forms, including all EBV-infected posttransplant
lymphoproliferative disease tumors tested, whereas EBV
circBHLF1 and circLMP2 were more variably expressed. KSHV
expressed circvIRF4 constitutively in primary effusion lymphoma
cell lines, while the polyadenylated nuclear locus promiscuously
generated variable, inducible, and bidirectional circRNAs. Tumor
virus circRNAs can be long-lived, unique tumor biomarkers that
may also open new research opportunities into understanding
how these viruses cause cancer. (See pp. E8737-E8745.)

Palmitoylation enables MAPK-dependent proteostasis of
axon survival factors

Daniel W. Summers, Jeffrey Milbrandt, and Aaron DiAntonio

Neurons extend long structures called axons that are highly
susceptible to damage and undergo degeneration in many
neurological disorders. One strategy for treating these diseases
is by elevating the abundance of axon survival factors that
suppress axon death. Herein, we describe a protein homeo-
stasis network that regulates axon degeneration by tuning the
local levels of axon survival factors. In particular, we find that
small-molecule inhibitors targeting a MAPK stress pathway protect
axons from pathological degeneration by elevating the local abun-
dance of axon survival factors NMNAT2 and SCG10. Furthermore,
we discover that intracellular location imparts sensitivity to distinct
protein homeostasis networks. Inactivating multiple nodes in this
protein homeostasis network confers maximal therapeutic potential
in diseases of axon degeneration. (See pp. E8746-E8754.)

Distinct roles of prefrontal and parietal areas in the
encoding of attentional priority

Panagiotis Sapountzis, Sofia Paneri, and Georgia G. Gregoriou

During search, information about the similarity of stimuli to the
searched-for target is thought to be encoded in spatial priority
maps, which signal the behavioral relevance of stimuli across
the visual field. The frontal eye field (FEF) and the lateral
intraparietal area (LIP) have both been reported to hold priority
maps, but it is unknown whether the two areas have identical or
distinct roles in encoding attentional priority. Here, we show that
whereas LIP responses reflect the similarity of stimuli to the target,
FEF responses integrate perceptual relevance with oculomotor de-
cisions. Moreover, although feature-based attention effects are
stronger within FEF, they emerge at similar latencies in sub-
populations of the two areas, implying parallel processing of priority
information. (See pp. E8755-E8764.)

Early postnatal behavioral, cellular, and molecular changes
in models of Huntington disease are reversible by
HDAC inhibition

Florian A. Siebzehnriibl, Kerstin A. Raber, Yvonne K. Urbach, Anja
Schulze-Krebs, Fabio Canneva, Sandra Moceri, Johanna Habermeyer,
Dalila Achoui, Bhavana Gupta, Dennis A. Steindler, Michael Stephan, Huu
Phuc Nguyen, Michael Bonin, Olaf Riess, Andreas Bauer, Ludwig Aigner,
Sebastien Couillard-Despres, Martin Arce Paucar, Per Svenningsson,
Alexander Osmand, Alexander Andreew, Claus Zabel, Andreas Weiss,
Rainer Kuhn, Saliha Moussaoui, Ines Blockx, Annemie Van der Linden,
Rachel Y. Cheong, Laurent Roybon, Asa Petersén, and Stephan von Hérsten

In Huntington disease (HD) gene carriers the disease-causing
mutant Huntingtin (mHTT) is already present during early

developmental stages, but, surprisingly, HD patients develop
clinical symptoms only many years later. While a develop-
mental role of Huntingtin has been described, so far new
therapeutic approaches targeting those early neurodevelop-
mental processes are lacking. Here, we show that behavioral,
cellular, and molecular changes associated with mHTT in the
postnatal period of genetic animal models of HD can be
reverted using low-dose treatment with a histone deacetyla-
tion inhibitor. Our findings support a neurodevelopmental
basis for HD and provide proof of concept that pre-HD
symptoms, including aberrant neuronal differentiation, are
reversible by early therapeutic intervention in vivo. (See pp.
E8765-E8774.)

Human iPSC-derived trigeminal neurons lack constitutive
TLR3-dependent immunity that protects cortical

neurons from HSV-1 infection

Bastian Zimmer, Osefame Ewaleifoh, Oliver Harschnitz, Yoon-Seung
Lee, Camille Peneau, Jessica L. McAlpine, Becky Liu, Jason

Tchieu, Julius A. Steinbeck, Fabien Lafaille, Stefano Volpi, Luigi D.
Notarangelo, Jean-Laurent Casanova, Shen-Ying Zhang, Gregory A.
Smith, and Lorenz Studer

We previously demonstrated that induced pluripotent stem
cell (iPSC)-derived cortical neurons from HSV-1 encephalitis
patients with Toll-like receptor 3 (TLR3) pathway de-
ficiencies are highly susceptible to HSV-1, due to impair-
ment of cell autonomous TLR3-IFN immunity. In this study
we present a protocol for efficient derivation/purification of
trigeminal ganglion (TG) neurons from human iPSCs. The
resulting TG neurons are of sensory identity and exhibit
robust biological function. We also show that TG neurons
and cortical neurons play distinct roles in host defense
against HSV-1 in the central nervous system: unlike cortical
neurons, TG neurons are vulnerable to HSV-1 because they
require preemptive induction of TLR3-, IFN-a/p-mediated
immunity. This is an important step to further our un-
derstanding of the HSV-1 encephalitis disease mechanism.
(See pp. E8775-E8782.)

Transcriptional switch for programmed cell death in

pith parenchyma of sorghum stems

Masaru Fujimoto, Takashi Sazuka, Yoshihisa Oda, Hiroyuki
Kawahigashi, Jianzhong Wu, Hideki Takanashi, Takayuki Ohnishi,
Jun-ichi Yoneda, Motoyuki Ishimori, Hiromi Kajiya-Kanegae,
Ken-ichiro Hibara, Fumiko Ishizuna, Kazuo Ebine, Takashi

Ueda, Tsuyoshi Tokunaga, Hiroyoshi Iwata, Takashi

Matsumoto, Shigemitsu Kasuga, Jun-ichi Yonemaru,

and Nobuhiro Tsutsumi

Sugar and ethanol productivity from the sugar juice of grass
stems depends on their water content. Pith parenchyma cells
function as a water storage tissue in plant stems, and the death
of these cells reduces stem water content. In this study, we
identified a gene, long referred to as D, in a promising energy
grass, Sorghum bicolor, that is responsible for reducing stem
water content. D and its Arabidopsis ortholog encode master
transcriptional switches that induce programmed death of
stem pith parenchyma cells by activating autolytic enzymes.
Identifying D as the gene involved in programmed death of
plant pith parenchyma cells will provide an approach to
breeding crops for sugar and ethanol production. (See pp.
E8783-E8792.)
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Mechanistic insights into plant SUVH family H3K9
methyltransferases and their binding to

context-biased non-CG DNA methylation

Xuegqin Li, C. Jake Harris, Zhenhui Zhong, Wei Chen, Rui Liu, Bei Jia,
Zonghua Wang, Sisi Li, Steven E. Jacobsen, and Jiamu Du

Plant SUVH family H3K9 methyltransferases play a key role in
connecting the two epigenetic silencing marks, DNA methylation
and H3K9me2. However, the regulation of SUVH protein activi-
ties and their precise role in the regulation of DNA methylation
remains unclear. In this research, we performed a comprehensive
investigation into the structure, biochemistry, and in vivo tar-
geting characteristics of SUVH histone methyltransferases. For
binding methylated DNA, we reveal that the SUVH family pro-
teins possess a unique thumb loop-dependent base-flipping
mechanism. For methyltransferase function, we reveal that
SUVH6 is regulated by a dynamic autoinhibitory domain. Finally,
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our in vitro DNA-binding assays combined with ChIP-seq data
uncover mechanisms to help explain context-biased non-CG
DNA methylation in plants. (See pp. E8793-E8802.)

Feedback-mediated signal conversion promotes
viral fitness

Noam Vardi, Sonali Chaturvedi, and Leor S. Weinberger

How biological systems robustly sustain differentiated states is
under active study. Here, we find that human cytomegalovirus, a
herpesvirus that is a major cause of birth defects, encodes a
transcriptional positive-feedback loop that temporally extends
transient activation signals carried in the incoming viral particle to
sustain the viral lytic expression cycle. Attenuation of this feed-
back loop severely impacts virus fitness, suggesting a new anti-
viral target that may extend to other herpesviruses. (See pp.
E8803-E8810.)
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