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DNA and RNA topoisomerase activities of
Top3β are promoted by mediator protein
Tudor domain-containing protein 3
Grace Ee-Lu Siaw, I-Fen Liu, Po-Yen Lin, Michael D. Been,
and Tao-shih Hsieh

Tudor domain-containing protein 3 (TDRD3), a mul-
tidomain scaffold protein functions as an epigenetic
reader on nuclear chromatin and binds with fragile
X mental retardation protein on mRNA. It forms a
conserved complex with topoisomerase 3β (Top3β),
a type IA topoisomerase, and participates in both
transcription and translation. The mechanism of how
TDRD3 acts as Top3β’s partner in regulating these
cellular processes is unknown. Here, we demon-
strated that TDRD3 is able to stimulate Top3β’s DNA
and RNA topoisomerase catalytic activities, through
binding and stabilizing single-stranded regions in
DNA and RNA substrates. Because these regions are
the preferred site for Top3β, TDRD3 therefore acts
as a regulator to provide access of the enzyme to
these nucleic acid substrates and to act upon them.
(See pp. E5544–E5551.)

Coordinated autoinhibition of F-BAR domain
membrane binding and WASp activation by
Nervous Wreck
Tatiana B. Stanishneva-Konovalova, Charlotte F. Kelley, Tania L.
Eskin, Emily M. Messelaar, Steven A. Wasserman, Olga S.
Sokolova, and Avital A. Rodal

Membrane-deforming proteins cooperate with the cy-
toskeleton to sculpt lipid bilayers into complex and
dynamic geometries, but we still do not under-
stand how their activities are temporally and spatially
regulated in cells. Here we show that the neuro-
nal membrane remodeling protein Nervous Wreck
(Nwk) is autoinhibited by intramolecular interactions
between its membrane binding F-BAR domain and
its C-terminal SRC homology 3 (SH3) domains. These
autoinhibitory interactions control Fes/Cip4 homo-
logy-Bin/Amphiphysin/Rvs167 (F-BAR)–mediated mem-
brane remodeling and also, unexpectedly, inhibit
SH3-mediated actin cytoskeleton assembly. Uncou-
pling these dual autoregulatory mechanisms in the
fruit fly leads to excess neuronal synapse growth. Thus,
coordinated autoregulation couples membrane re-
modeling and SH3 domain activities, and is critical for
proper control of neuronal shape and size. (See pp.
E5552–E5561.)

Selenoprotein H is an essential regulator of
redox homeostasis that cooperates with p53
in development and tumorigenesis
Andrew G. Cox, Allison Tsomides, Andrew J. Kim, Diane
Saunders, Katie L. Hwang, Kimberley J. Evason, Jerry Heidel,
Kristin K. Brown, Min Yuan, Evan C. Lien, Byung Cheon Lee,
Sahar Nissim, Bryan Dickinson, Sagar Chhangawala,
Christopher J. Chang, John M. Asara, Yariv Houvras, Vadim N.
Gladyshev, and Wolfram Goessling

Dietary selenium and selenoproteins play important
roles in regulating redox processes that impact human
health. The human genome includes 25 genes for
selenoproteins, which have diverse roles in redox ho-
meostasis, thyroid hormone metabolism, endoplasmic
reticulum quality control, selenium transport, and other
functions. Selenoprotein H (seph) is a recently identi-
fied nucleolar oxidoreductase with DNA-binding prop-
erties whose function is not well understood. In this
work, we used a unique combination of unbiased meta-
bolomic and transcriptomic approaches in zebrafish
to discover that seph is an essential regulator of redox
homeostasis that regulates p53. In addition, we dem-
onstrate the seph-deficient adults are prone to chem-
ically induced carcinogenesis. Our results suggest that
seph suppresses oxidative stress and DNA damage in
the nucleolus. (See pp. E5562–E5571.)

Spiny plants, mammal browsers, and the origin
of African savannas
Tristan Charles-Dominique, T. Jonathan Davies, Gareth P.
Hempson, Bezeng S. Bezeng, Barnabas H. Daru, Ronny M.
Kabongo, Olivier Maurin, A. Muthama Muasya, Michelle van
der Bank, and William J. Bond

Africa hosts contrasting communities of mammal
browsers and is, thus, the ideal background for test-
ing their effect on plant communities and evolution.
In this study at the continental scale, we reveal which
mammal browsers are most closely associated with
spiny communities of trees. We then show a remark-
able convergence between the evolutionary histories
of these browsers (the bovids) and spiny plants. Over the
last 16 My, plants from unrelated lineages developed
spines 55 times. These convergent patterns of evolution
suggest that the arrival and diversification of bovids in
Africa changed the rules for persisting in woody com-
munities. Contrary to our current understanding, our
data suggest that browsers predate fire by millions of
years as agents driving the origin of savannas. (See
pp. E5572–E5579.)
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Explosive ice age diversification of kiwi
Jason T. Weir, Oliver Haddrath, Hugh A. Robertson, Rogan M. Colbourne,
and Allan J. Baker

The role of Pleistocene ice ages in driving a recent burst of di-
versification is controversial. We used thousands of loci to test the
timing and rates of diversification in kiwi—a flightless avian group
endemic to New Zealand. Not only did we discover many kiwi
taxa—we found 16 or 17 genetically distinct lineages within the
currently recognized five species—but we found that most di-
versification dates to the seven major glacial advances that
characterized the latter half of the Pleistocene ice ages and that
directly fragmented New Zealand into a series of glacial refugia.
Rates at which new kiwi taxa originated increased fivefold during
these major cycles, thus linking rapid kiwi diversification to
glacial periods. (See pp. E5580–E5587.)

Emergent rules for codon choice elucidated by editing rare
arginine codons in Escherichia coli

Michael G. Napolitano, Matthieu Landon, Christopher J. Gregg, Marc J.
Lajoie, Lakshmi Govindarajan, Joshua A. Mosberg, Gleb Kuznetsov,
Daniel B. Goodman, Oscar Vargas-Rodriguez, Farren J. Isaacs, Dieter Söll,
and George M. Church

This work presents the genome-wide replacement of all rare
AGR (AGA and AGG) arginine codons in the essential genes of
Escherichia coli with synonymous CGN alternatives. Synony-
mous codon substitutions can lethally impact noncoding func-
tion by disrupting mRNA secondary structure and ribosomal
binding site-like motifs. Here we quantitatively define the range
of tolerable deviation in these metrics and use this relationship
to provide critical insight into codon choice in recoded ge-
nomes. This work demonstrates that genome-wide removal of
AGR is likely to be possible and provides a framework for de-
signing genomes with radically altered genetic codes. (See pp.
E5588–E5597.)

Mutations in mitochondrial enzyme GPT2 cause metabolic
dysfunction and neurological disease with developmental
and progressive features
Qing Ouyang, Tojo Nakayama, Ozan Baytas, Shawn M. Davidson,
Chendong Yang, Michael Schmidt, Sofia B. Lizarraga, Sasmita Mishra,
Malak EI-Quessny, Saima Niaz, Mirrat Gul Butt, Syed Imran Murtaza,
Afzal Javed, Haroon Rashid Chaudhry, Dylan J. Vaughan, R. Sean Hill,
Jennifer N. Partlow, Seung-Yun Yoo, Anh-Thu N. Lam, Ramzi Nasir, Muna
Al-Saffar, A. James Barkovich, Matthew Schwede, Shailender Nagpal,
Anna Rajab, Ralph J. DeBerardinis, David E. Housman, Ganeshwaran H.
Mochida, and Eric M. Morrow

We report autosomal recessive mutations in the enzyme glutamate
pyruvate transaminase 2 (GPT2) in a neurological syndrome in-
volving intellectual disability, reduced brain growth, and pro-
gressive motor symptoms. We show that the mutations inactivate
the enzyme. GPT2 catalyzes the reversible addition of an amino
group from glutamate to pyruvate, yielding alanine and α-keto-
glutarate. The GPT2 gene demonstrates expression in brain
postnatally, and the protein localizes to mitochondria. As in hu-
mans, Gpt2-null mice exhibit reduced brain growth. Furthermore,
mutant mouse brains show abnormal metabolite levels, in-
cluding in pathways involving amino acid metabolism, the TCA
cycle, and neuroprotective mechanisms. Our study identifies
GPT2 as an important mitochondrial enzyme in disease that
has general relevance to developmental and potentially to
neurodegenerative mechanisms. (See pp. E5598–E5607.)

Class II major histocompatibility complex mutant mice to
study the germ-line bias of T-cell antigen receptors
Daniel Silberman, Sai Harsha Krovi, Kathryn D. Tuttle, James Crooks,
Richard Reisdorph, Janice White, James Gross, Jennifer L. Matsuda,
Laurent Gapin, Philippa Marrack, and John W. Kappler

The evolutionary hypothesis for T-cell antigen receptor–peptide
major histocompatibility complex (TCR–pMHC) interaction posits
the existence of germ-line–encoded rules by which the TCR is
biased toward recognition of the MHC. Understanding these
rules is important for our knowledge of how to manipulate this
important interaction at the center of adaptive immunity. In this
study, we highlight the flexibility of thymic selection as well as the
existence of these rules by generating knockin mutant MHC mice
and extensively studying the TCR repertoires of T cells selected
on the mutant MHC molecules. Identifying novel TCR subfamilies
that are most evolutionarily conserved to recognize specific areas
of the MHC is the first step in advancing our knowledge of this
central interaction. (See pp. E5608–E5617.)

Pericyte–fibroblast transition promotes tumor growth
and metastasis
Kayoko Hosaka, Yunlong Yang, Takahiro Seki, Carina Fischer, Olivier
Dubey, Erik Fredlund, Johan Hartman, Piotr Religa, Hiromasa Morikawa,
Yoko Ishii, Masakiyo Sasahara, Ola Larsson, Giulio Cossu, Renhai Cao,
Sharon Lim, and Yihai Cao

We show that vascular pericytes significantly contribute to cancer
invasion and metastasis by the mechanism of the pericyte–
fibroblast transition (PFT). This study proposes this concept and
indicates the vascular pericyte’s role. Vascular pericytes were con-
sidered to remodel tumor vessels toward a mature phenotype.
However, once dissociated from tumor vessels their functions
within the tumor tissue are not known. In the present study, we
show that pericytes, once detached from tumor microvascu-
latures, underwent differentiation to become stromal fibro-
blasts, which are known to contribute to tumor invasion and
metastasis. Our results show that vascular pericytes are the
important source of stromal fibroblasts and targeting PFT may
offer a new treatment option in cancer metastasis. (See pp.
E5618–E5627.)

Pathological Ace2-to-Ace enzyme switch in the stressed
heart is transcriptionally controlled by the endothelial
Brg1–FoxM1 complex
Jin Yang, Xuhui Feng, Qiong Zhou, Wei Cheng, Ching Shang, Pei Han,
Chiou-Hong Lin, Huei-Sheng Vincent Chen, Thomas Quertermous,
and Ching-Pin Chang

Angiotensin-converting enzymes Ace and Ace2 counteract each
other to control the metabolism of angiotensin peptides and
heart function. When the heart is pathologically stressed, Ace is
up-regulated whereas Ace2 is down-regulated, leading to a
pathological Ace2-to-Ace switch and increased production of
angiotensin II, which promotes hypertrophy and fibrosis. The
mechanism of Ace2-to-Ace switch is unknown. In this study, we
discovered that the Ace/Ace2 switch occurs at the transcription
level and defined a chromatin-based endothelial mechanism
that triggers Ace/Ace2 transcription switch and heart failure.
Human tissue studies suggest that this mechanism is evolutionarily
conserved. Our studies reveal a pharmacological method to si-
multaneously inhibit pathogenic Ace and activate cardioprotective
Ace2. This finding provides new insights and methods for heart
failure therapy. (See pp. E5628–E5635.)
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CD4+ T-cell–independent mechanisms suppress
reactivation of latent tuberculosis in a macaque
model of HIV coinfection
Taylor W. Foreman, Smriti Mehra, Denae N. LoBato, Adel Malek, Xavier
Alvarez, Nadia A. Golden, Allison N. Bucşan, Peter J. Didier, Lara A.
Doyle-Meyers, Kasi E. Russell-Lodrigue, Chad J. Roy, James Blanchard,
Marcelo J. Kuroda, Andrew A. Lackner, John Chan, Shabaana A. Khader,
William R. Jacobs Jr., and Deepak Kaushal

According to the World Health Organization, one in three humans
is latently infected with Mycobacterium tuberculosis and 10% of
these individuals risk developing active, clinical tuberculosis (TB)
over their lifetimes. Coinfection with human immunodeficiency virus
increases this risk substantially, with depletion of CD4+ T cells be-
lieved to drive disease progression. Although a minority of coin-
fected individuals can control the infection, the mechanisms
underlying this phenomenon remain unknown. Modeling coin-
fection using macaques, we discovered that one-third of the an-
imals maintained latency despite complete ablation of lung
CD4+ T cells. We report that protective immune responses mediated
by CD8+ T cells and B cells correlate with TB control. These findings
have important implications in development of both prophylactic and
therapeutic measures against TB and acquired immunodeficiency
syndrome. (See pp. E5636–E5644.)

GluA1 signal peptide determines the spatial assembly of
heteromeric AMPA receptors
Xue-Yan He, Yan-Jun Li, Chakrapani Kalyanaraman, Li-Li Qiu, Chen Chen,
Qi Xiao, Wen-Xue Liu, Wei Zhang, Jian-Jun Yang, Guiquan Chen,
Matthew P. Jacobson, and Yun Stone Shi

In the brain, AMPA-type glutamate receptors, especially hetero-
meric GluA1/A2s, are the major postsynaptic receptors mediating
fast excitatory neurotransmission. Recently, the crystal structure of
GluA2 homomeric AMPA-type glutamate receptors (AMPARs)
revealed some interesting features, such as the four subunits in
each AMPAR are of two different conformations. However, what
the heteromeric GluA1/A2 receptors look like is unknown. In this
study, we used a biochemical technique called cysteine cross-
linking assay to analyze the spatial architecture of GluA1/A2s. We
determined that GluA1/GluA2s have preferred spatial assembly.
Surprisingly, this spatial assembly pattern is dictated by the ex-
cisable signal peptides, but not the intrinsic sequences of the
subunit proteins. (See pp. E5645–E5654.)

TRiC subunits enhance BDNF axonal transport and rescue
striatal atrophy in Huntington’s disease
Xiaobei Zhao, Xu-Qiao Chen, Eugene Han, Yue Hu, Paul Paik, Zhiyong
Ding, Julia Overman, Alice L. Lau, Sarah H. Shahmoradian, Wah Chiu,
Leslie M. Thompson, Chengbiao Wu, and William C. Mobley

Degeneration of the corticostriatal circuit is a key neuropatho-
logical and clinical feature of Huntington’s disease (HD). To de-
fine disease mechanisms and explore treatments, we recreated
the corticostriatal circuit in microfluidic chambers using neurons
from the BACHD mouse model of HD and WT controls. We
showed that expression of mutant huntingtin (mHTT) induced
defects in brain-derived neurotrophic factor (BDNF) transport in
BACHD cortical axons that resulted in atrophy of striatal tar-
get neurons. Introducing subunits of the cytosolic chaperonin
T-complex 1 (TCP-1) ring complex (TRiC) into BACHD cortical
neurons reduced mHTT, rescued defects in BDNF transport, and
normalized the size of striatal neurons. These findings encourage
studies to explore a role for TRiC reagents as possible treatments
for HD. (See pp. E5655–E5664.)

Infiltrating monocytes promote brain inflammation and
exacerbate neuronal damage after status epilepticus
Nicholas H. Varvel, Jonas J. Neher, Andrea Bosch, Wenyi Wang, Richard M.
Ransohoff, Richard J. Miller, and Raymond Dingledine

Status epilepticus is a frequent neurological emergency. These
unabated seizures reduce quality of life, promote the devel-
opment of epilepsy, and can cause death. Activation of microglia,
the brain’s resident immune cells, is an invariable feature of
seizure activity. However, the involvement of blood-borne im-
mune cells in the brain’s inflammatory reaction after seizures
remains unresolved. Here we identify a blood cell not nor-
mally encountered in the healthy brain, called a monocyte,
which invades brain tissue after seizures and contributes to in-
flammation. Blocking brain entry of the blood monocytes was
beneficial, reducing neuronal damage and accelerating weight
regain. Treatment strategies aimed at inhibiting peripheral immune
cells from entering the brain after seizures could be beneficial. (See
pp. E5665–E5674.)

Accelerated structure-based design of chemically
diverse allosteric modulators of a muscarinic G
protein-coupled receptor
Yinglong Miao, Dahlia Anne Goldfeld, Ee Von Moo, Patrick M. Sexton,
Arthur Christopoulos, J. Andrew McCammon, and Celine Valant

Chemical diversity has recently risen as key structural feature
for the discovery of novel selective drugs of G protein-coupled
receptors (GPCRs). However, the traditional drug discov-
ery technique of combinatorial chemistry coupled to high-
throughput screening has become less attractive because of its
immense financial impact. To address this problem, we imple-
mented a computer-aided drug design approach, using the M2

muscarinic acetylcholine receptor (mAChR) as a GPCR model,
and performed computational enhanced sampling simulations
to account for the receptor flexibility. Through iterative molec-
ular docking and experimental testing, half of the 38 compu-
tationally selected National Cancer Institute compounds were
validated as allosteric modulators of the M2 mAChR. Our
method successfully identified positive and negative allosteric
modulators of M2 mAChR with unprecedented chemical diversity.
(See pp. E5675–E5684.)

SCAP/SREBP pathway is required for the full steroidogenic
response to cyclic AMP
Masami Shimizu-Albergine, Brian Van Yserloo, Martin G. Golkowski, Shao-En
Ong, Joseph A. Beavo, and Karin E. Bornfeldt

Luteinizing hormone stimulates production of testosterone
and other steroids largely through a surge in the second
messenger cAMP and subsequent activation of protein kinase
A (PKA) in target cells. Rates of steroidogenesis are also de-
pendent on the availability of cholesterol, a steroid building
block. We propose, based on our results, that cAMP/PKA co-
ordinates the functions of multiple pathways to regulate cel-
lular cholesterol handling and synthesis and downstream
steroid output. Activation of the cholesterol-sensing SCAP–
SREBP2 pathway plays an important role in cAMP/PKA co-
ordination of steroidogenesis. These cAMP/PKA-induced pathways
are likely to be major regulators of sterol biosynthesis and choles-
terol recharging in steroid hormone synthetic and other tis-
sues. Cyclic nucleotide phosphodiesterases can be targeted
to promote steroidogenesis and cholesterol metabolism. (See
pp. E5685–E5693.)
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