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system. Here, just a sample of the many papers
Science Signaling has published throughout the
years is mentioned. Most of the highlighted
studies focus on the membrane-bound organelles, but we are also interested in research into
regulation of the dynamics and function of the
membrane-less structures, which may produce signaling intermediates that affect cellular
behavior. Another area of interest is that of
specialized vesicles and membrane compartments, as exemplified by vesicles that reside
near the Golgi but traffic to the immune synapse
to deliver molecules necessary for T cell receptor signaling (see Srikanth et al.) or vesicles that
are located beneath the forming immune synapse
and deliver molecular components necessary for
the formation of this complex, dynamic structure
(see Purbhoo et al.). Whether these vesicles
represent distinct organelles remains to be
determined.
Organellar membranes not only define the
intraorganellar space and maintain organelle
identity, but also serve as platforms for organizing regulatory complexes. Alexia et al. found
that components of the complex that controls
the activity of the proinflammatory transcription factor nuclear factor kB (NF-kB) interacted
with the protein metadherin at the cytosolic face
of the ER and that this interaction was necessary
for efficient activation of NF-kB in B and T cells
responding to cytokines or stimulation of antigen receptors. Endosomal membranes also
serve as signaling stations as proteins traffic
from the cell surface to internal endosomal, recycling, or lysosomal compartments. Naguib
describes how waves of lipid-mediated signaling
that activate the kinase AKT occur as growth
factors traffic through the endosomal system.
As highlighted in the article by Er et al., growth
factor–mediated signaling stimulates AKT to
promote epidermal growth factor receptor
(EGFR) trafficking and degradation.
Furthermore, the site at which receptors signal, the cell surface or the endosome, can influence
the outcome as described for Toll-like receptor 7
(TLR7) signaling in neurons by Winkler et al. and
for TLR4 by Cheng et al. Endosomes can also
control the amount of activity produced by recep-

tors, as reported for cytokine receptors and NFkB signaling by Mamińska et al., and the type
of signal transduced, a property that can been
leveraged for therapeutic benefit with regard to
biased agonist signaling by G protein–coupled
receptors (GPCRs) (see Zimmerman et al.).
Receptor dimerization can also affect the trafficking of GPCRs into the endosomal pathway,
as described by Nishimura et al. for purinergic
P2Y6 receptors and angiotensin AT1 receptors, which is relevant for angiotensin-induced
hypertension.
Mitochondrial membranes also serve as
key platforms for immune responses and cell
death signaling. The antiviral signaling pathway
involving MAVS (mitochondrial antiviral
signaling) is affected by conditions that alter
mitochondrial membrane potential and mitochondrial fusion dynamics (see Koshiba et al.
and Yasukawa et al.), demonstrating that cells
can detect changes in organellar status. Indeed,
how mitochondria signal back to the nucleus to
regulate gene expression, a process called retrograde signaling, was investigated by Chae
et al., who determined that retinoic X receptor
a (RXRA) was important for mediating the
transcriptional response that enables cells to
cope with mitochondrial dysfunction.
The ER, mitochondria, and lysosome (or
vacuole in yeast) perform essential functions
in calcium homeostasis and signaling. The ER
contains ligand-activated receptors that trigger
calcium release, whereas mitochondria and lysosomes (or vacuoles) serve as sinks. However,
this sink function is not without cost, and each
organelle must maintain calcium within certain limits to maintain their other functions.
Shanmughapriya et al. discovered that two types
of calcium signals—calcium released from the
ER through the calcium-permeable IP3 receptors
and calcium influx through store-operated calcium channels—were important for expression
of the gene that encodes the mitochondrial calcium uniporter MCU. Without either of these
calcium signaling pathways, the activity of the
transcription factor CREB, which bound to
the MCU promoter, and the expression and
abundance of MCU were reduced, mitochondrial
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Our understanding of eukaryotic and prokaryotic
cells continues to evolve. Even our understanding
and definition of organelles have evolved. There
are the well-recognized membrane-bound organelles, such as the endoplasmic reticulum (ER),
mitochondria, lysosomes, endosomal compartments, autophagosomes, chloroplasts, vacuoles,
nuclei, and peroxisomes. Now, the concept of
organelles has been extended to include macromolecular complexes that are stable structures
performing specific functions, such as stress granules and centrioles. The jury is still out on whether
scaffolded macromolecular regions, such as
the postsynaptic density, plasma membrane–
associated platforms, and certain cytoskeletal
structures, are “organelles.” Primary cilia, the
single cilium that protrudes from many mammalian cells, are hybrid organelles with a membrane surrounding the portion that extends
from the cell and a portion that is contiguous
with the cytoplasm. Many of the membrane-less
organelles have long been considered important
for cellular regulation: The primary cilium functions as a sensory protrusion to detect the morphogen Hedgehog; stress granules sequester
mRNAs to control translation (see Kosik and
Krichevsky); and many plasma membrane–
associated platforms, such as the immune synapse and the cytoskeletal structures that enable
cell migration, are intimately involved in responding to extracellular signals (see Astro and
de Curtis). The role of membrane-bound organelles as sources of signaling molecules is less
well understood. The Editors’ Choice section of
Science Signaling has many examples of exciting
findings at the intersection of organellar biology
and cellular regulation. A few recent examples
are highlighted in the Related Resources.
Each organelle or organized functional
macromolecular complex could have an entire
article devoted to it. Indeed, relevant subareas
have been covered in Science Signaling in Focus
Issues, such as the one on the ER calcium–refilling
channel ORAI and its role in cells of the immune
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how changes in nutrient quality or inhibition
of TORC1 altered yeast metabolism and to
infer the effect of phosphorylation on metabolic enzyme activity. Laxman et al. also
studied yeast to investigate how cells controlled
TORC1 activity to avoid aberrant metabolism
of glutamine.
Autophagy provides a key cellular function
that enables cells to properly handle excess
lipids, aggregated proteins, or damaged organelles. DeBosch et al. discovered a mechanism by which the plant carbohydrate trehalose
induced autophagy, thereby preventing hepatic
steatosis (lipid accumulation) in mice. Macrophages that accumulate in atherosclerotic plaques have impaired autophagy and instead
rely on sequestration of proteins in inclusion
bodies, including the proinflammatory cytokine interleukin-1b (IL-1b) (see Sergin et al.).
Some may argue that such inclusion bodies are
membrane-less organelles. Thus, autophagy
(a process involving membrane-bound organelles) and the formation of inclusion bodies
(membrane-less organelles) are coordinated
processes.
Groenendyk et al. determined that ER stress
caused by depletion of ER calcium triggered a
reduction in the abundance of a microRNA
that enabled an oxidoreductase to accumulate,
which mediated a specific ER stress response.
Finger and Hoppe discuss the connection between calcium, microRNAs, and ER stress.
The ER stress response is complicated and involves multiple pathways; however, advances in
understanding this process have led researchers
to discover ways to potentially use ER stress
therapeutically. Singh et al. reported that some
breast cancer cells depended on an adaptive increase in the ER stress response to survive and
that blocking this adaptive pathway sensitized
these cells to growth factor inhibitors. Philippe
et al. discovered that, in muscle undergoing
ischemia (low-oxygen conditions), the ER stress
response–activated kinase PERK mediated an
increase in the translation of growth factors that
trigger angiogenesis. Administration of a
PERK inhibitor to mice before ischemia prevented the translation of the mRNAs for
VEGF and FGF-2 (fibroblast growth factor–
2), raising the possibility that PERK manipulation could be used to increase blood flow in
ischemic tissues.
The response to cell stress is a continuum,
with adaptive responses enabling survival at one
end and cell death at the other. ER remodeling is
one such adaptive response. Hatakeyama et al.
found that the ER structural protein reticulon
4A (Rtn4A), which is involved in ER remodeling, reduced degradation of the growth factor

receptor ErbB3 by sequestering the E3 ubiquitin ligase Nrdp1 within ER tubules away from
ER sheets, which are the site of synthesis of
proteins destined for the plasma membrane.
Cultured breast cancer cells depended on
Rtn4A to maintain ErbB3 abundance and responsiveness to the ErbB ligand NRG1b. These
results suggest that ER remodeling may promote cell survival by enhancing the ability of
cells to detect survival signals at the surface.
Kanekura et al. found that ER stress resulted
in permeabilization of the ER membrane by
Bax and Bak, proteins that also permeabilize
the outer mitochondrial membrane during apoptotic cell death. The catalytic activity of the
kinase IRE1 prevented ER permeabilization
and cell death in response to ER stress. Tissues
from mice with experimentally induced stroke
or heart attack and from mice that are a model
for Wolfram syndrome, an inherited disease
that is characterized by ER stress, had evidence of ER permeabilization. Depending on
the disease context, drugs that enhance the kinase activity of IRE1 and limit cell death or
drugs that promote this activity and enhance
cytotoxicity in cells experiencing ER stress may
be beneficial.
In terms of emerging areas in organellar
biology and cellular regulation, the area of
organelle dynamics in response to changes in
intraorganellar conditions, cellular conditions,
or extracellular signals is particularly exciting.
The signals and molecules that control and
coordinate organelle biosynthesis (or division)
and how cells properly sort organelles into
daughter cells during cell division are important areas of investigation. We anticipate that
signals produced by organelles and the functions of these signals will proceed quickly as
markers and components that participate in
the various processes are identified and as
technologies for imaging live cells improve
and gain increasingly high resolution in time
and space.
Most, if not all, membrane-bound organelles
serve multiple functions, performing internal
functions within the organelle and serving as
platforms for multimolecular complexes. We
anticipate that new organelles will be identified, that organelles will be found to be more
dynamic and plastic than was previously appreciated, and that signals mediating the flow
of information among various cellular compartments will be discovered. Researchers
working on the basic cell biology of these processes or on the translation of such information
for understanding disease pathology or developing treatment strategies are encouraged to
submit to the journal.
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calcium uptake was compromised, and mitochondrial metabolism was altered.
Calcium also has a role in the Golgi apparatus, which is an organelle involved in the
maturation of proteins destined for the cell
surface, secretion, or lysosomes. Yang et al.
found that the Golgi also functioned as a cAMP
(adenosine 3′,5′-monophosphate)–regulated
calcium store responsive to b-adrenergic receptor signaling. In heart cells, signaling through
the b-adrenergic receptor stimulated the release of calcium from the Golgi, which enhanced the delivery of vascular endothelial
growth factor receptor 1 (VEGFR1) to the cell
surface. As with most membrane-bound organelles, the Golgi also serves as a platform for
cellular signaling, as highlighted in an Editor’s
Choice by VanHook.
Lysosomes are acidic compartments that
also sequester calcium and provide key signaling mediators. Studying organellar biology
and intracellular channel activity can be challenging. The Protocol by Schieder et al. describes the steps and conditions for performing
patch clamp analysis of lysosomes. The endolysosomal system contains channels of the
two-pore channel (TPC) family (reviewed by
Patel). These channels drive trafficking of cargo
through the endolysosomal system, and dysregulation of this trafficking may contribute to
disorders, such as Parkinson’s disease, fatty
liver disease, and Ebola infection. Pitt et al. found
that H+ was the preferred ion that passed
through human TPC1, and they identified
calcium and NAADP as intracellular signaling
messengers that stimulated TPC1 and affected
the relative ability of different positively charged
ions to flow through the channel. The exact
function of the released H+ remains an open
question.
Molecules within or released by lysosomes
regulate the activity of the energy- and nutrientresponsive protein complex mTORC1, which is
associated with the lysosomal surface. Lysosome biogenesis and the process of autophagy
need to be coordinated because lysosomal fusion
with autophagosomes is how the degradative
components are provided for the autophagy process. Roczniak-Ferguson et al. and Martina et al.
identified transcription factors that control
lysosomal biogenesis through mTORC1
signaling. Indeed, because of the importance
of the lysosome for regulating mTORC1 activity and the importance of mTORC1 in regulating autophagy, signals mediated by
mTORC1 and signals that regulate it fall into
the category of organellar signaling and regulation. Oliveira et al. combined phosphoproteomic and metabolomic analyses to understand

SCIENCE SIGNALING | EDITORIAL GUIDE
RELATED RESOURCES

• C. Alexia, K. Poalas, G. Carvalho,
N. Zemirli, J. Dwyer, S. M. Dubois,
E. M. Hatchi, N. Cordeiro, S. S. Smith,
C. Castanier, A. Le Guelte, L. Wan,
Y. Kang, A. Vazquez, J. Gavard,
D. Arnoult, N. Bidère, The endoplasmic
reticulum acts as a platform for
ubiquitylated components of nuclear
factor kB signaling. Sci. Signal. 6, ra79
(2013).

• V. Astro, I. de Curtis, Plasma membrane–
associated platforms: Dynamic scaffolds
that organize membrane-associated events.
Sci. Signal. 8, re1 (2015).

• K. Balasubramanian, A. Maeda, J. S. Lee,

• I. A. Buskiewicz, T. Montgomery,
E. C. Yasewicz, S. A. Huber,
M. P. Murphy, R. C. Hartley, R. Kelly,
M. K. Crow, A. Perl, R. C. Budd,
A. Koenig, Reactive oxygen species
induce virus-independent MAVS
oligomerization in systemic lupus
erythematosus. Sci. Signal. 9, ra115 (2016).

• S. Chae, B. Y. Ahn, K. Byun, Y. M. Cho,
M.-H. Yu, B. Lee, D. Hwang, K. S. Park,
A systems approach for decoding
mitochondrial retrograde signaling
pathways. Sci. Signal. 6, rs4 (2013).

• Z. Cheng, B. Taylor, D. R. Ourthiague,
A. Hoffmann, Distinct single-cell
signaling characteristics are conferred by
the MyD88 and TRIF pathways during
TLR4 activation. Sci. Signal. 8, ra69
(2015).

• B. J. DeBosch, M. R. Heitmeier, A. L. Mayer,
C. B. Higgins, J. R. Crowley, T. E. Kraft,
M. Chi, E. P. Newberry, Z. Chen,
B. N. Finck, N. O. Davidson,
K. E. Yarasheski, P. W. Hruz, K. H. Moley,
Trehalose inhibits solute carrier 2A
(SLC2A) proteins to induce autophagy and
Gough, Sci. Signal. 9, eg11 (2016)

6 December 2016

• E. E. Er, M. C. Mendoza, A. M. Mackey,
L. E. Rameh, J. Blenis, AKT facilitates
EGFR trafficking and degradation by
phosphorylating and activating PIKfyve.
Sci. Signal. 6, ra45 (2013).

• F. Finger, T. Hoppe, MicroRNAs meet
calcium: Joint venture in ER proteostasis.
Sci. Signal. 7, re11 (2014).

• J. F. Foley, More roles for mitochondria
in the immune response. Sci. Signal. 9,
ec208 (2016).

• N. R. Gough, Focus Issue: The ins and

outs of ORAI in immune cells. Sci. Signal.
9, eg3 (2016).

• N. R. Gough, Polo kinase at the mitochondria.
Sci. Signal. 9, ec98 (2016).

• N. R. Gough, TLR9 sustains autophagic
flux. Sci. Signal. 9, ec180 (2016).

• J. Groenendyk, Z. Peng, E. Dudek, X. Fan,
M. J. Mizianty, E. Dufey, H. Urra,
D. Sepulveda, D. Rojas-Rivera, Y. Lim,
D. H. Kim, K. Baretta, S. Srikanth, Y. Gwack,
J. Ahnn, R. J. Kaufman, S.-K. Lee, C. Hetz,
L. Kurgan, M. Michalak, Interplay
between the oxidoreductase PDIA6 and
microRNA-322 controls the response to
disrupted endoplasmic reticulum calcium
homeostasis. Sci. Signal. 7, ra54 (2014).

• J. Hatakeyama, J. H. Wald, H. Rafidi,
A. Cuevas, C. Sweeney, K. L. Carraway III,
The ER structural protein Rtn4A
stabilizes and enhances signaling through
the receptor tyrosine kinase ErbB3. Sci.
Signal. 9, ra65 (2016).

• K. Kanekura, X. Ma, J. T. Murphy, L. J. Zhu,
A. Diwan, F. Urano, IRE1 prevents
endoplasmic reticulum membrane
permeabilization and cell death under
pathological conditions. Sci. Signal. 8, ra62
(2015).

• K. S. Kosik, A. M. Krichevsky, A model for
the local regulation of translation near
active synapses. Sci. STKE 2005, tr25
(2005).

• T. Koshiba, K. Yasukawa, Y. Yanagi,
S.-i. Kawabata, Mitochondrial membrane
potential is required for MAVS-mediated
antiviral signaling. Sci. Signal. 4, ra7
(2011).

• S. Laxman, B. M. Sutter, L. Shi, B. P. Tu, Npr2
inhibits TORC1 to prevent inappropriate
utilization of glutamine for biosynthesis of
nitrogen-containing metabolites. Sci. Signal.
7, ra120 (2014).

• A. Mamińska, A. Bartosik,
M. Banach-Orłowska, I. Pilecka,
K. Jastrzębski, D. Zdżalik-Bielecka,
I. Castanon, M. Poulain, C. Neyen,
L. Wolińska-Nizioł, A. Toruń,
E. Szymańska, A. Kowalczyk, K. Piwocka,
A. Simonsen, H. Stenmark, M. Fürthauer,
M. González-Gaitán, M. Miaczynska,
ESCRT proteins restrict constitutive NF-kB
signaling by trafficking cytokine receptors.
Sci. Signal. 9, ra8 (2016).

• J. A. Martina, H. I. Diab, L. Lishu, L. Jeong-A,
S. Patange, N. Raben, R. Puertollano, The
nutrient-responsive transcription factor
TFE3 promotes autophagy, lysosomal
biogenesis, and clearance of cellular debris.
Sci. Signal. 7, ra9 (2014).

• A. Naguib, Following the trail of lipids:
Signals initiated by PI3K function at
multiple cellular membranes. Sci. Signal. 9,
re4 (2016).

• A. Nishimura, C. Sunggip, H. Tozaki-Saitoh,
T. Shimauchi, T. Numaga-Tomita,
K. Hirano, T. Ide, J.-M. Boeynaems,
H. Kurose, M. Tsuda, B. Robaye, K. Inoue,
M. Nishida, Purinergic P2Y6 receptors
heterodimerize with angiotensin AT1
receptors to promote angiotensin
II–induced hypertension. Sci. Signal. 9, ra7
(2016).

• A. P. Oliveira, C. Ludwig, M. Zampieri,
H. Weisser, R. Aebersold, U. Sauer,
Dynamic phosphoproteomics reveals
TORC1-dependent regulation of yeast
nucleotide and amino acid biosynthesis.
Sci. Signal. 8, rs4 (2015).

• S. Patel, Function and dysfunction of

two-pore channels. Sci. Signal. 8, re7 (2015).

• C. Philippe, A. Dubrac, C. Quelen,
A. Desquesnes, L. Van Den Berghe,
C. Ségura, T. Filleron, S. Pyronnet, H. Prats,
P. Brousset, C. Touriol, PERK mediates the
IRES-dependent translational activation of
mRNAs encoding angiogenic growth
factors after ischemic stress. Sci. Signal. 9,
ra44 (2016).

• S. J. Pitt, A. K. M. Lam, K. Rietdorf,
A. Galione, R. Sitsapesan, Reconstituted
3 of 4

Downloaded from http://stke.sciencemag.org/ on May 8, 2021

D. Mohammadyani, H. H. Dar,
J. F. Jiang, C. M. St. Croix, S. Watkins,
V. A. Tyurin, Y. Y. Tyurina, K. Klöditz,
A. Polimova, V. I. Kapralova, Z. Xiong,
P. Ray, J. Klein-Seetharaman,
R. K. Mallampalli, H. Bayir, B. Fadeel,
V. E. Kagan, Dichotomous roles for
externalized cardiolipin in extracellular
signaling: Promotion of phagocytosis
and attenuation of innate immunity. Sci.
Signal. 8, ra95 (2015).

prevent hepatic steatosis. Sci. Signal. 9,
ra21 (2016).

SCIENCE SIGNALING | EDITORIAL GUIDE
human TPC1 is a proton-permeable ion
channel and is activated by NAADP or
Ca2+. Sci. Signal. 7, ra46 (2014).

• S. Prabakaran, Mitochondria to nucleus:

Activate HIF1a. Sci. Signal. 8, ec330 (2015).

• M. A. Purbhoo, H. Liu, S. Oddos,
D. M. Owen, M. A. A. Neil, S. V. Pageon,
P. M. W. French, C. E. Rudd, D. M. Davis,
Dynamics of subsynaptic vesicles and
surface microclusters at the immunological
synapse. Sci. Signal. 3, ra36 (2010).

• A. Roczniak-Ferguson, C. S. Petit,

• M. Schieder, K. Rötzer, A. Brüggemann,
M. Biel, C. Wahl-Schott, Planar patch
clamp approach to characterize ionic
currents from intact lysosomes. Sci. Signal. 3,
pl3 (2003). I. Sergin, S. Bhattacharya, R.
Emanuel, E. Esen, C. J. Stokes, T. D. Evans,
B. Arif, J. A. Curci, B. Razani, Inclusion
bodies enriched for p62 and polyubiquitinated proteins in macrophages protect
against atherosclerosis. Sci. Signal. 9, ra2
(2016).

• I. Sergin, S. Bhattacharya, R. Emanuel,
E. Esen, C. J. Stokes, T. D. Evans,
B. Arif, J. A. Curci, B. Razani,
Inclusion bodies enriched for p62
and polyubiquitinated proteins

Gough, Sci. Signal. 9, eg11 (2016)

6 December 2016

• S. Shanmughapriya, S. Rajan,
N. E. Hoffman, X. Zhang, S. Guo,
J. E. Kolesar, K. J. Hines, J. Ragheb,
N. R. Jog, R. Caricchio, Y. Baba,
Y. Zhou, B. A. Kaufman, J. Y. Cheung,
T. Kurosaki, D. L. Gill, M. Madesh, Ca2+
signals regulate mitochondrial
metabolism by stimulating
CREB-mediated expression of the
mitochondrial Ca2+ uniporter gene MCU.
Sci. Signal. 8, ra23 (2015).

• N. Singh, R. Joshi, K. Komurov,
HER2-mTOR signaling–driven breast
cancer cells require ER-associated
degradation to survive. Sci. Signal. 8, ra52
(2015).

• S. Srikanth, K.-D. Kim, Y. Gao, J. S. Woo,
S. Ghosh, G. Calmettes, A. Paz,
J. Abramson, M. Jiang, Y. Gwack, A large
Rab GTPase encoded by CRACR2A is a
component of subsynaptic vesicles that
transmit T cell activation signals. Sci. Signal.
9, ra31 (2016).

• A. M. VanHook, Akt regulates primary cilium
dynamics. Sci. Signal. 9, ec145 (2016).

• A. M. VanHook, A lysosomal amino acid
sensor for mTORC1. Sci. Signal. 8, ec78
(2015).

• A. M. VanHook, G protein activation at the
Golgi. Sci. Signal. 8, ec109 (2015).

• C. W. Winkler, K. G. Taylor, K. E. Peterson,
Location is everything: let-7b microRNA
and TLR7 signaling results in a painful TRP.
Sci. Signal. 7, pe14 (2014).

• W. Wong, Calcium signals for more

lysosomes. Sci. Signal. 8, ec67 (2015).

• W. Wong, Peroxisomes respond to sound.
Sci. Signal. 8, ec346 (2015).

• Z. Yang, H. M. Kirton, D. A. MacDougall,
J. P. Boyle, J. Deuchars, B. Frater,
S. Ponnambalam, M. E. Hardy, E. White,
S. C. Calaghan, C. Peers, D. S. Steele,
The Golgi apparatus is a functionally
distinct Ca2+ store regulated by the
PKA and Epac branches of the
b1-adrenergic signaling pathway.
Sci. Signal. 8, ra101 (2015).

• K. Yasukawa, H. Oshiumi, M. Takeda,
N. Ishihara, Y. Yanagi, T. Seya,
S.-i. Kawabata, T. Koshiba, Mitofusin 2
inhibits mitochondrial antiviral signaling.
Sci. Signal. 2, ra47 (2009).

• B. Zimmerman, A. Beautrait, B. Aguila,
R. Charles, E. Escher, A. Claing,
M. Bouvier, S. A. Laporte, Differential
b-arrestin–dependent conformational
signaling and cellular responses revealed by
angiotensin analogs. Sci. Signal. 5, ra33
(2012).
10.1126/scisignal.aal4031
Citation: N. R. Gough, Emerging roles for organelles in
cellular regulation. Sci. Signal. 9, eg11 (2016).

4 of 4

Downloaded from http://stke.sciencemag.org/ on May 8, 2021

F. Froehlich, S. Qian, J. Ky, B. Angarola,
T. C. Walther, S. M. Ferguson, The
transcription factor TFEB links mTORC1
signaling to transcriptional control of
lysosome homeostasis. Sci. Signal. 5, ra42
(2012).

in macrophages protect against
atherosclerosis. Sci. Signal. 9, ra2
(2016).

Emerging roles for organelles in cellular regulation
Nancy R. Gough

Sci. Signal. 9 (457), eg11.
DOI: 10.1126/scisignal.aal4031

ARTICLE TOOLS

http://stke.sciencemag.org/content/9/457/eg11
Downloaded from http://stke.sciencemag.org/ on May 8, 2021

Use of this article is subject to the Terms of Service
Science Signaling (ISSN 1937-9145) is published by the American Association for the Advancement of Science, 1200 New
York Avenue NW, Washington, DC 20005. The title Science Signaling is a registered trademark of AAAS.
Copyright © 2016, American Association for the Advancement of Science

http://stke.sciencemag.org/content/sigtrans/6/291/ra79.full
http://stke.sciencemag.org/content/sigtrans/8/367/re1.full
http://stke.sciencemag.org/content/sigtrans/8/395/ra95.full
http://stke.sciencemag.org/content/sigtrans/6/264/rs4.full
http://stke.sciencemag.org/content/sigtrans/8/385/ra69.full
http://stke.sciencemag.org/content/sigtrans/9/416/ra21.full
http://stke.sciencemag.org/content/sigtrans/9/456/ra115.full
http://stke.sciencemag.org/content/sigtrans/6/279/ra45.full
http://stke.sciencemag.org/content/sigtrans/7/350/re11.full
http://stke.sciencemag.org/content/sigtrans/9/445/ec208.abstract
http://stke.sciencemag.org/content/sigtrans/9/418/eg3.full
http://stke.sciencemag.org/content/sigtrans/9/425/ec98.abstract
http://stke.sciencemag.org/content/sigtrans/9/440/ec180.abstract
http://stke.sciencemag.org/content/sigtrans/7/329/ra54.full
http://stke.sciencemag.org/content/sigtrans/9/434/ra65.full
http://stke.sciencemag.org/content/sigtrans/8/382/ra62.full
http://stke.sciencemag.org/content/sigtrans/2005/300/tr25.abstract
http://stke.sciencemag.org/content/sigtrans/4/158/ra7.full
http://stke.sciencemag.org/content/sigtrans/7/356/ra120.full
http://stke.sciencemag.org/content/sigtrans/9/411/ra8.full
http://stke.sciencemag.org/content/sigtrans/9/428/re4.full
http://stke.sciencemag.org/content/sigtrans/9/411/ra7.full
http://stke.sciencemag.org/content/sigtrans/8/374/rs4.full
http://stke.sciencemag.org/content/sigtrans/8/384/re7.full
http://stke.sciencemag.org/content/sigtrans/9/426/ra44.full
http://stke.sciencemag.org/content/sigtrans/7/326/ra46.full
http://stke.sciencemag.org/content/sigtrans/8/402/ec330.abstract
http://stke.sciencemag.org/content/sigtrans/3/121/ra36.full
http://stke.sciencemag.org/content/sigtrans/5/228/ra42.full
http://stke.sciencemag.org/content/sigtrans/3/151/pl3.full
http://stke.sciencemag.org/content/sigtrans/9/409/ra2.full
http://stke.sciencemag.org/content/sigtrans/8/366/ra23.full
http://stke.sciencemag.org/content/sigtrans/8/378/ra52.full
http://stke.sciencemag.org/content/sigtrans/9/420/ra31.full
http://stke.sciencemag.org/content/sigtrans/9/433/ec145.abstract
http://stke.sciencemag.org/content/sigtrans/8/370/ec78.abstract
http://stke.sciencemag.org/content/sigtrans/8/374/ec109.abstract
http://stke.sciencemag.org/content/sigtrans/7/327/pe14.full
http://stke.sciencemag.org/content/sigtrans/8/369/ec67.abstract
http://stke.sciencemag.org/content/sigtrans/8/404/ec346.abstract
http://stke.sciencemag.org/content/sigtrans/8/398/ra101.full
http://stke.sciencemag.org/content/sigtrans/2/84/ra47.full
http://stke.sciencemag.org/content/sigtrans/5/221/ra33.full
http://science.sciencemag.org/content/sci/356/6338/617.full
http://science.sciencemag.org/content/sci/356/6338/584.full
http://stke.sciencemag.org/content/sigtrans/10/479/eaan6391.full

PERMISSIONS

http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service
Science Signaling (ISSN 1937-9145) is published by the American Association for the Advancement of Science, 1200 New
York Avenue NW, Washington, DC 20005. The title Science Signaling is a registered trademark of AAAS.
Copyright © 2016, American Association for the Advancement of Science

Downloaded from http://stke.sciencemag.org/ on May 8, 2021

RELATED
CONTENT

