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PNAS Plus Significance Statements

Elucidating the mechanism of fluorinated
extender unit loading for improved production
of fluorine-containing polyketides

Omer Ad, Benjamin W. Thuronyi, and Michelle C. Y. Chang

Polyketide natural products represent a rich source for
discovery of new bioactive compounds. However,
the optimization of polyketide structure for medicinal
purposes can be difficult using chemical methods
given their complexity. Site-selective introduction of
fluorine into polyketides and other natural products is
a particularly interesting area of exploration given the
demonstrated effectiveness of fluorine in modulating
the behavior of small-molecule therapeutics. Here, we
show that fluorine can be inserted site-selectively by
an engineered polyketide synthase system via a fluori-
nated monomer that becomes covalently tethered to
the enzyme to complete a canonical reaction cycle. By
increasing the throughput of fluorinated extender units,
we can produce multiply fluorinated polyketide prod-
ucts by chemoenzymatic synthesis and target the pro-
duction of complex structures. (See pp. E660-E668.)

Unlocking Tn3-family transposase activity in
vitro unveils an asymetric pathway for
transposome assembly

Emilien Nicolas, Cédric A. Oger, Nathan Nguyen, Michaél
Lambin, Amandine Draime, Sébastien C. Leterme, Michael
Chandler, and Bernard F. J. Hallet

The Tn3 family of transposons, discovered in the early
1970s, represents a serious threat to human health
because of its prevalence in the dissemination of
antibiotic resistance and, indirectly, because of its
involvement in xenobiotic metabolism and in the
transmission of plant pathogenicity determinants.
Astonishingly, their transposition mechanism has yet
to be elucidated. We have started to unravel this
mechanism by reconstituting the transposition re-
action of the Tn3-family transposon Tn4430 in a cell-
free in vitro system. The assays also were used to
characterize transposase mutants affected in target
immunity, a phenomenon whereby a given trans-
poson avoids inserting more than once into the same
DNA target. The data support a tentative model
linking target immunity with transposition complex
assembly and activation. (See pp. E669-E678.)

www.pnas.org/cgi/doi/10.1073/pnas.ss1145

Recognition of protein-linked glycans as a
determinant of peptidase activity

llit Noach, Elizabeth Ficko-Blean, Benjamin Pluvinage,
Christopher Stuart, Meredith L. Jenkins, Denis Brochu,
Nakita Buenbrazo, Warren Wakarchuk, John E. Burke, Michel
Gilbert, and Alisdair B. Boraston

Protein glycosylation is one of the most abundant and
important posttranslational modifications where the
protein-linked glycans can impart specific physi-
ochemical properties to the glycoprotein and/or the
glycans themselves can mediate particular biological
functions. The degradation of glycosylated proteins
in normal or pathogenic processes, therefore, is an
important biological process. This study reveals the
molecular basis of how peptidases can use the O-glycans
present on glycoproteins as a critical determinant of
peptidase activity and, in doing so, provides unique
insight into how peptidases may directly use post-
translational modifications present on their substrates
to influence recognition and peptide bond cleavage.
(See pp. E679-E688.)

Kinetic assay shows that increasing red cell
volume could be a treatment for sickle

cell disease

Quan Li, Eric R. Henry, James Hofrichter, Jeffrey F. Smith,
Troy Cellmer, Emily B. Dunkelberger, Belhu B. Metaferia,
Stacy Jones-Straehle, Sarah Boutom, Garrott W. Christoph,
Terri H. Wakefield, Mary E. Link, Dwayne Staton, Erica R.
Vass, Jeffery L. Miller, Matthew M. Hsieh, John F. Tisdale,
and William A. Eaton

Sickle cell disease can be treated by preventing poly-
merization of the mutant hemoglobin to form fibers
during the time that red cells are transiting the smallest
vessels of the tissues. However, most drugs in clinical
trials are aimed at reducing the sequelae of fiber for-
mation, such as inflammation and adhesion to the
vascular endothelium. Searching for drugs that in-
crease the delay before polymerization, which allows
more cells to escape the small vessels before fibers
form, has been hampered by the lack of a quantitative
and sensitive assay, which we describe in this work.
With this assay, we show that increasing the delay
time by increasing red cell volume to reduce the in-
tracellular hemoglobin concentration is a viable ap-
proach to therapy. (See pp. E689-E696.)

PNAS | January 31, 2017 | vol. 114 | no. 5 | 805-809
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Structure of eukaryotic CMG helicase at a replication

fork and implications to replisome architecture and

origin initiation

Roxana Georgescu, Zuanning Yuan, Lin Bai, Ruda de Luna Almeida
Santos, Jingchuan Sun, Dan Zhang, Olga Yurieva, Huilin Li,

and Michael E. O’Donnell

All cellular life forms use a ring-shaped hexameric helicase during
DNA replication. CMG (Cdc45, Mcm2-7, GINS) is the eukaryotic
replicative helicase. CMG contains the ring-shaped hexameric
Mcm2-7 that harbors the helicase motors. CMG is known to bind
many other proteins, including a leading and lagging polymerase
and primase. Thus, the threading of DNA through the CMG
helicase at a replication fork determines the orientation of the
associated polymerases at the replication fork, an important
structural feature with many consequences that may direct future
experimentation. This report uses cryo-EM single-particle re-
construction to image CMG that motored to a block site at a
forked junction, enabling direct visualization of DNA threading
through CMG. (See pp. E697-E706.)

p-Catenin haploinsufficiency promotes mammary
tumorigenesis in an ErbB2-positive basal breast

cancer model

Bui Tung, Babette Schade, Robert D. Cardiff, Olulanu H. Aina, Virginie
Sanguin-Gendreau, and William J. Muller

Although the oncogenic potential of p-catenin as a transcriptional
factor is well-established, its role as a critical component of
adherens junctions during tumorigenesis remains elusive. Using
two transgenic mouse models of ErbB2-induced mammary tu-
morigenesis that recapitulate either luminal or basal human
breast cancer, we show that f-catenin is required for proper
adherens junction formation and that, consequently, p-catenin
haploinsufficiency promotes aggressive mammary tumorigenesis.
This haploinsufficient phenotype is unique to a basal ErbB2-
driven model with a preexisting aberrant activation of p-catenin
signaling, highlighting a tumor suppressor role of p-catenin,
similar to other adherens junction proteins, in maintaining junc-
tional integrity and a complex interplay between its junctional
and transcriptional roles in facilitating tumor progression. (See
pp. E707-E716.)

Transcriptomic, proteomic, and metabolomic landscape of
positional memory in the caudal fin of zebrafish

Jeremy S. Rabinowitz, Aaron M. Robitaille, Yuliang Wang, Catherine A.
Ray, Ryan Thummel, Haiwei Gu, Danijel Djukovic, Daniel Raftery, Jason D.
Berndt, and Randall T. Moon

In vertebrates, proper patterning during appendage regenera-
tion is regulated by positional memory—a cellular property hy-
pothesized to rely on gradients of molecules present in uninjured
limbs. Only one gene, exclusive to salamanders, has been shown
to regulate positional memory and be expressed in a gradient in
the uninjured limb. To identify new candidate effectors of posi-
tional memory, we mapped the abundance of RNAs, proteins,
and metabolites along the uninjured zebrafish tail fin. We iden-
tified hundreds of molecular gradients and generated a high-
confidence list of 32 genes and 42 metabolites that are candidate
effectors of positional memory in zebrafish. Furthermore, ex-
pression patterns discovered here may help to explain how size-
homeostasis and patterning are maintained in a complex
adult tissue. (See pp. E717-E726.)

806 | www.pnas.org/cgi/doi/10.1073/pnas.ss1145

Selection against variants in the genome associated with
educational attainment

Augustine Kong, Michael L. Frigge, Gudmar Thorleifsson, Hreinn
Stefansson, Alexander I. Young, Florian Zink, Gudrun A. Jonsdottir, Aysu
Okbay, Patrick Sulem, Gisli Masson, Daniel F. Gudbjartsson, Agnar
Helgason, Gyda Bjornsdottir, Unnur Thorsteinsdottir, and Kari Stefansson
Epidemiological studies suggest that educational attainment is af-
fected by genetic variants. Results from recent genetic studies allow
us to construct a score from a person’s genotypes that captures a
portion of this genetic component. Using data from Iceland that in-
clude a substantial fraction of the population we show that individuals
with high scores tend to have fewer children, mainly because they
have children later in life. Consequently, the average score has been
decreasing over time in the population. The rate of decrease is small
per generation but marked on an evolutionary timescale. Another
important observation is that the association between the score and
fertility remains highly significant after adjusting for the educational
attainment of the individuals. (See pp. E727-E732.)

Human transposon insertion profiling: Analysis,
visualization and identification of somatic

LINE-1 insertions in ovarian cancer

Zuojian Tang, Jared P. Steranka, Sisi Ma, Mark Grivainis, Nemanja Rodi¢,
Cheng Ran Lisa Huang, le-Ming Shih, Tian-Li Wang, Jef D. Boeke, David
Fenyé, and Kathleen H. Burns

Much of our genome is repetitive sequence. This property poses
challenges for investigators because differences in repetitive se-
quences are difficult to detect. With hundreds of thousands of
similar repeats, it has been difficult to discern how one person'’s
genome differs from another person’s genome or how tumor
DNA differs from normal DNA. To solve this issue, we developed
methods to target next-generation sequencing to the insertion
sites of the most variable repeats. Computational pipelines to
make these studies scalable and more widely accessible were
needed, however. Here, we report a pipeline that accomplishes
this goal. We use it to demonstrate insertions of the long in-
terspersed element-1 (LINE-1) acquired in ovarian cancer that
may contribute to the development of these tumors. (See pp.
E733-E740.)

Development of chronic allergic responses by dampening
Bcl6-mediated suppressor activity in memory

T helper 2 cells

Takashi Ogasawara, Masahiko Hatano, Hisae Satake, Jun lkari,
Toshibumi Taniguchi, Nobuhide Tsuruoka, Haruko Watanabe-Takano, Lisa
Fujimura, Akemi Sakamoto, Hirokuni Hirata, Kumiya Sugiyama, Yasutsugu
Fukushima, Susumu Nakae, Kenji Matsumoto, Hirohisa Saito, Takeshi
Fukuda, Kazuhiro Kurasawa, Koichiro Tatsumi, Takeshi Tokuhisa,

and Masafumi Arima

It has been suggested that the transcriptional repressor Bclé sup-
presses T helper 2 (Ty2) immune responses underlying allergic
diseases. However, the molecular role of B-cell CLL/lymphoma 6
(Bclé) in T2 cells is incompletely understood in pathophysio-
logical settings. We found that Bclé suppressed cytokine produc-
tion in memory T2 cells through binding to intron 2 of the
Interkeukin 4 (l14) locus using murine models. Furthermore, 1L-33
controlled Bcl6 function at the chromatin level and consequently,
augmented cytokine production in memory Ty2 cells. Therefore,
pro-Ty2 cytokines, such as IL-33, play a role in chronic allergic
diseases via the functional breakdown of Bclé. This study identifies
a relationship between Ty2-promoting factors and Bcl6 in Ty2
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cells, which may lead to therapeutic strategies against chronic
allergic diseases. (See pp. E741-E750.)

Ornithine decarboxylase regulates M1 macrophage
activation and mucosal inflammation via

histone modifications

Dana M. Hardbower, Mohammad Asim, Paula B. Luis, Kshipra Singh,
Daniel P. Barry, Chunying Yang, Meredith A. Steeves, John L. Cleveland,
Claus Schneider, M. Blanca Piazuelo, Alain P. Gobert, and Keith T. Wilson
The pathogenesis of many bacteria is enhanced by the ability to
establish persistent infection. Macrophages, particularly classically
activated M1 macrophages, provide essential functions in the
initiation of antibacterial immune responses. The regulation of
macrophage activation is still poorly understood. Here, we
demonstrate that ornithine decarboxylase (ODC), the rate-limit-
ing enzyme in polyamine synthesis, regulates M1 activation
during Helicobacter pylori and Citrobacter rodentium infection.
Deletion of Odc in macrophages resulted in increased in-
flammation and decreased bacterial persistence in mouse mod-
els. The enhanced M1 response was due to alterations in histone
modifications, resulting in changes in chromatin structure and up-
regulated transcription. These findings represent a novel mecha-
nism by which ODC directly regulates macrophage activation and
provides new insights into understanding bacterial persistence.
(See pp. E751-E760.)

Mitochondrial activation chemicals synergize with

surface receptor PD-1 blockade for T

cell-dependent antitumor activity

Kenji Chamoto, Partha S. Chowdhury, Alok Kumar, Kazuhiro Sonomura,
Fumihiko Matsuda, Sidonia Fagarasan, and Tasuku Honjo

Although PD-1 blockade has innovated cancer therapy, a novel
combinatorial strategy is required to save less sensitive cancer pa-
tients. Mitochondria are key cytoplasmic organelles that efficiently
supply the ATP necessary for the rapid proliferation and differenti-
ation of T cells. We found that reactive oxygen species (ROS)
strongly activate mitochondrial function of tumor-reactive T cells
and synergize tumor regression by PD-1 blockade. ROS appear
to activate both AMP-activated protein kinase (AMPK) and
mechanistic target of rapamycin (mTOR), which subsequently
induce the PPAR-gamma coactivator 1o (PGC-1a) transcrip-
tion factor. Small-molecule activators of AMPK and mTOR, or
PGC-1a, also synergistically enhance tumor-growth suppression
by PD-1 blockade therapy. These findings not only open a new
aspect of immune metabolism but also pave a way to developing
a combinational strategy of PD-1 cancer immunotherapy. (See
pp. E761-E770.)

Atrial natriuretic peptide regulates adipose tissue
accumulation in adult atria

Nadine Suffee, Thomas Moore-Morris, Patrick Farahmand, Catherine
Rticker-Martin, Gilles Dilanian, Magali Fradet, Daigo Sawaki, Geneviéve
Derumeaux, Pascal LePrince, Karine Clément, Isabelle Dugail, Michel
Puceat, and Stéphane N. Hatem

Atrial fibrillation is the most frequent cardiac arrhythmia and is a
major cause of stroke. Recently, it has been shown that the adipose
tissue that accumulates at the surface of the heart contributes to
the pathogenesis of atrial fibrillation by favoring fibrosis of the
neighboring myocardium. However, the cellular origin of adult
cardiac fat tissue is unknown. Here, we show that resident pro-
genitor cells of the external layer of the heart, referred to as the

“epicardium,” are a source of adipocytes through an epithelial-to-
mesenchymal transition process. The atrial natriuretic peptide,
which is secreted by atrial myocytes, is a potent factor in the dif-
ferentiation of epicardial progenitors in adipocytes. Our data un-
cover cross-talk between myocardial mechanical properties and
adipose tissue expansion. (See pp. E771-E780.)

Pathogen-mediated manipulation of arthropod microbiota
to promote infection

Nabil M. Abraham, Lei Liu, Brandon Lyon Jutras, Akhilesh K. Yadav,
Sukanya Narasimhan, Vissagan Gopalakrishnan, Juliana M. Ansari,
Kimberly K. Jefferson, Felipe Cava, Christine Jacobs-Wagner, and Erol Fikrig
The importance of arthropod microbiota in the capacity of patho-
gens (including malaria and flaviviruses, among others) to persist in
vectors and cause infection is just beginning to be appreciated.
The influence of pathogens, either directly or indirectly, to
manipulate vector microbiota for their own benefit, has not
been described. In this study, we demonstrate that a pathogen
can use an arthropod molecule to alter vector microbiota and
enhance infection. We believe that this work will help others
consider that pathogens are not passive microbes when they
enter the arthropod vector but actively influence vector gene
expression that can manipulate the local environment (in this
case the microbiota) and facilitate pathogen infection of the vector.
(See pp. E781-E790.)

Tissue dual RNA-seq allows fast discovery of
infection-specific functions and riboregulators

shaping host—-pathogen transcriptomes

Aaron M. Nuss, Michael Beckstette, Maria Pimenova, Carina Schmuhl,
Wiebke Opitz, Fabio Pisano, Ann Kathrin Heroven, and Petra Dersch
Our knowledge of the functions required by extracellular bacterial
pathogens to grow in host tissues is still limited. Most available
information refers to studies conducted under laboratory growth
conditions that mimic host environments but exclude the influence
of the host immune system. Tissue dual RNA sequencing allows
simultaneous transcript profiling of a pathogen and its infected
host. This sensitive approach led to the identification of host im-
mune responses and virulence-relevant bacterial functions that
were not previously reported in the context of a Yersinia infection.
Application of this tool will allow transcript profiling of other
pathogens to unravel concealed gene functions that are crucial for
survival in different host niches and will improve identification of
potential drug targets. (See pp. E791-E800.)

Continual renewal and replication of persistent Leishmania
major parasites in concomitantly immune hosts

Michael A. Mandell and Stephen M. Beverley

Persistent parasites contribute to the maintenance of protective
immune responses through concomitant immunity, but our un-
derstanding of how they do so has been limited by the difficulties
associated with their low numbers. Our studies indicate that for
Leishmania substantial parasite replication occurs in persistent
infections, with most parasites found within activated antigen-
presenting cells. Parasite replication serves to maintain the in-
fection and likely also provides a constant source of parasite
antigens for immune stimulation and the maintenance of pro-
tective immunity. Collectively, these studies suggest a framework
to understand concomitant immunity that may be applicable to
other persistent pathogens. (See pp. E801-E810.)

PNAS | January 31, 2017 | vol. 114 | no. 5 | 807
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Antiviral screening identifies adenosine analogs targeting
the endogenous dsRNA Leishmania RNA virus 1 (LRV1)
pathogenicity factor

F. Matthew Kuhlmann, John I. Robinson, Gregory R. Bluemling, Catherine
Ronet, Nicolas Fasel, and Stephen M. Beverley

The endogenous double-stranded RNA virus Leishmaniavirus
(LRV1) has been implicated as a pathogenicity factor for leish-
maniasis in rodent models and human disease, and associated with
drug-treatment failures. As a first step toward the identification of
therapeutic LRV1 inhibitors, we identified two adenosine analogs
that selectively inhibited LRV replication. These analogs were used
as tools to confirm that viral inheritance is by random segregation,
as well as to generate LRV1-cured lines of Leishmania guyanensis,
which correspondingly lost the increased pathogenicity conferred
by LRV1. These compounds hold promise as leads to ameliorate
the severity of LRV1-bearing Leishmania infections, and raise the
possibility of targeting other protozoal infections whose pathoge-
nicity may be exacerbated by similar endogenous viruses. (See pp.
E811-E819.)

Defining recovery neurobiology of injured spinal cord by
synthetic matrix-assisted hMSC implantation

Alexander E. Ropper, Devang K. Thakor, InBo Han, Dou Yu, Xiang Zeng,
Jamie E. Anderson, Zaid Aljuboori, Soo-Woo Kim, Hongjun Wang,
Richard L. Sidman, Ross D. Zafonte, and Yang D. Teng

We developed a platform technology to determine therapeutic
mechanisms of human mesenchymal stromal stem cells (hMSCs)
in a dorsal root ganglion coculture system and an intraspinal
cord implantation model. The unique poly(lactic-co-glycolic) acid
scaffolding augments hMSC stemness, engraftment, and function
without neural transdifferentiation or mesenchymal lineage de-
velopment, resulting in robust motosensory improvement, pain
and tissue damage mitigation, and myelin preservation in adult
rat spinal cord after injury. The scaffolded hMSC-derived neuro-
trophism, neurogenesis, angiogenesis, antiautoimmunity, and
antiinflammation support the propriospinal network, neuromuscular
junctions, and serotonergic reticulospinal reinnervation to activate the
central pattem generator for restoring hindlimb locomotion. Our find-
ings illuminate “recovery neurobiology”—i.e., the injured spinal cord
may deploy polysynaptic neural circuits different from normal adult-
hood pathways for postinjury improvement. (See pp. E820-E829.)

Bilateral recruitment of prefrontal cortex in working
memory is associated with task demand but not with age
Melanie S. Holler-Wallscheid, Peter Thier, Jérn K. Pomper,

and Axel Lindner

One principle of human cerebral cortex is its lateralized functional
architecture supporting processes such as language, precise motor
control of the hands, and working memory. It has been shown that
in elderly subjects such lateralized activations of dorsolateral and
anterior prefrontal cortex vanish in working memory tasks, which is
due to the corecruitment of corresponding regions in the other
cerebral hemisphere. We show that such corecruitment of cross-
hemispheric counterparts in prefrontal cortex is associated with
subjectively demanding working memory tasks but not with age.
This result suggests that prefrontal areas support us to maintain
performance in challenging circumstances by additionally recruiting
their non-specialized counterpart in the contralateral hemisphere.
(See pp. E830-E839.)

808 | www.pnas.org/cgi/doi/10.1073/pnas.ss1145

Harmonic template neurons in primate auditory cortex
underlying complex sound processing

Lei Feng and Xiaogin Wang

Harmonicity is a fundamental element of music, speech, and
animal vocalizations. How the brain extracts harmonic structures
embedded in complex sounds remains largely unknown. We
have discovered a unique population of harmonic template
neurons in the core region of auditory cortex of marmosets, a
highly vocal primate species. Responses of these neurons show
nonlinear facilitation to harmonic complex sounds over in-
harmonic sounds and selectivity for particular harmonic struc-
tures. Such neuronal selectivity may form the basis of harmonic
processing by the brain and has important implications for music
and speech processing. (See pp. E840-E848.)

Increased mitochondrial nanotunneling activity, induced
by calcium imbalance, affects intermitochondrial

matrix exchanges

Manuela Lavorato, V. Ramesh lyer, Williams Dewight, Ryan R. Cupo,
Valentina Debuattisti, Ludovic Gomez, Sergio De la Fuente, Yan-Ting Zhao,
Héctor H. Valdivia, Gyérgy Hajndéczky, and Clara Franzini-Armstrong
Nanotunnels are long, thin mitochondrial extensions that have
been implied in direct long-distance (1 to >5 pm) communica-
tion between mitochondria of cardiac myocytes. The engi-
neered RyR2A4860G ™~ mutation, resulting in loss of function of
the sarcoplasmic reticulum calcium release channel and ar-
rhythmia, induces a striking increase in the frequency of long-
distance intermitochondrial communication via nanotunnels
without involvement of obvious mitochondrial migration. We
use this model for exploring the significance of mitochondrial
nanotunneling in myocardium and the contribution of mi-
crotubules to the formation of these unusual organelle ex-
tensions using EM tomography and live confocal imaging.
This study constitutes an approach to arrhythmia investigat-
ions that focuses on a new target: the mitochondria. (See pp.
E849-E858.)

Mitochondrial fusion dynamics is robust in the heart and
depends on calcium oscillations and contractile activity
Verénica Eisner, Ryan R. Cupo, Erhe Gao, Gydrgy Csordas, William S.
Slovinsky, Melanie Paillard, Lan Cheng, Jessica Ibetti, S. R. Wayne Chen,
J. Kurt Chuprun, Jan B. Hoek, Walter J. Koch, and Gyérgy Hajndczky
Mitochondrial function is supported by dynamic quality control
processes, such as mitochondrial fusion. Cardiac contractility
depends on mitochondrial metabolism, yet in cardiomyocytes,
mitochondria are confined among myofibrils, raising questions
about the possibility of mitochondrial physical communication.
Here we demonstrate that mitochondrial continuity is robust and
fusion is frequent in freshly isolated rat ventricular myocytes,
manifesting both as rapid content mixing events between ad-
jacent organelles and slower, often long-distance events. We
show that mitochondrial fusion decreases dramatically in cul-
ture because of the decay in contractile activity and, more
specifically, the underlying calcium oscillations, which involve
mitofusin 1 (Mfn1) abundance. In addition, we show that at-
tenuation of cardiac contractility in vivo in alcoholic animals is
also associated with depressed mitochondrial fusion. (See pp.
E859-E868.)
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Competition of calcified calmodulin N lobe and PIP, to an
LQT mutation site in Kv7.1 channel

William Sam Tobelaim, Meidan Dvir, Guy Lebel, Meng Cui, Tal Buki, Asher
Peretz, Milit Marom, Yoni Haitin, Diomedes E. Logothetis, Joel Alan
Hirsch, and Bernard Attali

Voltage-gated potassium 7.1 (Kv7.1) channel and KCNE1 protein
coassembly forms the Igs K* current that repolarizes the cardiac
action potential, and mutations in Kv7.1 and KCNET genes cause
cardiac arrhythmias. The proximal Kv7.1 C terminus binds cal-
modulin and the phospholipid phosphatidylinositol-4,5-bisphos-
phate (PIP,); however, it is unknown whether their binding sites
overlap physically and functionally. Here, we reveal the compe-
tition of PIP, and the calcified form of the calmodulin N lobe to a
previously unidentified site in helix B of the proximal Kv7.1 C
terminus. Notably, this site bears a mutation causing a cardiac
arrhythmia called the long-QT syndrome. Our results suggest
that, after receptor-mediated PIP, depletion and increased cy-
tosolic Ca?*, calcified calmodulin N lobe interacts with helix B in
place of PIP; to limit excessive Ixs current depression. (See pp.
E869-E878.)

Phosphorylation by PKC and PKA regulate the kinase
activity and downstream signaling of WNK4

Maria Castafieda-Bueno, Juan Pablo Arroyo, Junhui Zhang, Jeremy
Puthumana, Orlando Yarborough Ill, Shigeru Shibata, Lorena Rojas-Vega,
Gerardo Gamba, Jesse Rinehart, and Richard P. Lifton

The kinase WNK4 (with-no-lysine kinase 4) is an important regulator
of the Na-Cl cotransporter (NCC) in the renal distal convoluted tubule
(DCT). Volume depletion induces angiotensin Il, activating PKC,
which prevents WNK4 degradation by phosphorylating the KLHL3/
CUL3 ubiquitin ligase. We now show that PKC also directly phos-
phorylates WNK4 at multiple sites in cell culture. Phosphorylation of
two of these sites, S64 and S1196, promotes increased WNK4
kinase activity by increasing autophosphorylation of the WNK4
T-loop at S332. Volume depletion also induces phosphorylation
of WNK4-564 in the DCT in vivo, promoting NCC activity.
These findings provide insights into the mechanisms regulating
activity of NCC and the promotion of renal Na-Cl reabsorption
without concomitant K* secretion in volume depletion. (See pp.
E879-E886.)

Dynamic PIN-FORMED auxin efflux carrier phosphorylation
at the plasma membrane controls auxin

efflux-dependent growth

Benjamin Weller, Melina Zourelidou, Lena Frank, Inés C. R. Barbosa,
Astrid Fastner, Sandra Richter, Gerd Jiirgens, Ulrich Z. Hammes,

and Claus Schwechheimer

The distribution of the hormone auxin controls most processes
in plant development. Auxin distribution within the plant requires
PIN transporters and efficient PIN-mediated transport requires PIN
phosphorylation. Phosphorylation seemingly also controls auxin
transport by targeting PINs to specific sides of the cell. Un-
derstanding how auxin is directed and activated through phos-
phorylation is essential to understand plant growth. Two different
protein kinases targeting the same phosphosites in PIN1 can acti-
vate auxin efflux. Surprisingly, however, only one affects PIN1 polar
distribution. Here, we show that the differential effects of the two
kinases on PIN1 cannot be explained by phosphorylation at the
established phosphosites, and suggest that a more complex model
is needed to explain the effects of the kinase on PIN1 polarity. (See
pp. E887-E896.)

TALE-induced bHLH transcription factors that activate a
pectate lyase contribute to water soaking in bacterial
spot of tomato

Allison R. Schwartz, Robert Morbitzer, Thomas Lahaye,

and Brian J. Staskawicz

AvrHah1 [avirulence (avr) gene homologous to avrBs3 and hax2, no. 1]
is a transcription activator-like (TAL) effector (TALE) in Xanthomonas
gardneri that enhances water soaking in its known hosts tomato,
pepper, and Nicotiana benthamiana. We observe that the water
soaking conferred by AvrHah1 is due to the movement of water into
the infected apoplast from a wet environment. RNA sequencing
identified two basic helixJoop-helix (bHLH) transcription factors that
we confirmed as targets of AvrHah1. We discovered that a pectate
lyase was upregulated by both of the bHLH transcription factors.
Designer TALEs (dTALEs) for both bHLH transcription factors and
the pectate lyase complemented the water-soaking phenotype of
X. gardneridavrHah1. This report demonstrates virulence activity
from an indirect TALE target. (See pp. E897-E903.)
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