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DEATH BY LIGHT: LIGHT-ACTIVATED CASPASE
TRIGGERS PRECISE NEURON ABLATION

research team engineered fruit ﬂies to express caspase−LOV in
their retinal, sensory, and motor neurons. By carefully controlling the organisms’ light exposure, the research team could
knock out neurons at speciﬁc developmental stages, revealing
diﬀerences in the time-course and extent of caspase-activated
degeneration among diﬀerent neuron types.
Heidi A. Dahlmann
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SELECTIVE HISTONE ACETYLTRANSFERASE
INHIBITOR SUPPRESSES PROLIFERATION OF
TUMOR CELLS

Reprinted by permission from Macmillan Publishers Ltd.:
Nature, Bromberg et al., 550, 128−132, copyright 2017.

When it comes to deciphering the role of a component in a
complex biological system, it is often easiest to ﬁgure out how
the component functions within the system by seeing what
happens when it is removed from the system. At a molecular level,
this can be achieved by mutating or knocking down the expression
of proteins of interest. At the opposite extreme, surgical ablation (i.e., physical removal) can target speciﬁc tissues or organs
in an organism. At an intermediate level, it becomes a bit
more complicated to target individual cell types within a
tissue or organ. Recent approaches involve engineering cells
to produce reactive oxygen species upon light activation or
injecting organisms with viruses to induce selective cell death.
However, these techniques are not readily amenable to knocking down cell activity or killing cells at precise time points or
locations.
These shortcomings have recently been tackled by James A.
Wells, Grame W. Davis, and co-workers at the University of
California, San Francisco, who hypothesized that selective
activation of the caspase-3 protease, which is normally activated
during apoptosis, would facilitate targeted cell ablation (Proc.
Natl. Acad. Sci. U.S.A. 2017, 114, E8174−E8183). To achieve
switchable caspase activation, the research team engineered human
caspase-3 to include a light-sensitive protein domain derived from
oats (LOV2) in its intersubunit linker. In the dark, the LOV2
domain remains rigid, trapping the caspase−LOV hybrid dimer
in an inactive state. Upon light exposure, LOV2 binds to its
light-harvesting cofactor ﬂavin mononucleotide and becomes
ﬂexible, allowing the caspase domain to achieve its active conformation. To demonstrate the utility of their approach, the
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A newly discovered selective inhibitor of histone acetyltransferase (HAT) enzymes provides a chemical probe for exploring
the suitability of HAT as a drug target for combating various
diseases. The optimization and testing of the small molecule
inhibitor, dubbed A-485, was recently described by Kenneth D.
Bromberg, Albert Lai, and co-workers at AbbVie as well as
other collaborating laboratories (Nature 2017, 550, 128−132).
Inside the nuclei of eukaryotic cells, DNA is spooled around
positively charged protein complexes called histones, which
interact via electrostatic interactions with the negatively charged
phosphodiester backbone of DNA. In its wound-up state, DNA
is inaccessible to transcription- and replication-associated
enzymes; however, post-translational modiﬁcations to positively
charged histone residues can neutralize portions of the histone,
freeing sections of DNA to dissociate from the histone and
interact with DNA-processing enzymes. One type of histone
modiﬁcation involves acetylation of lysine amino acids, which is
mediated by HAT enzymes and reversed by histone deacetylase
(HDAC) enzymes. Two closely related human HAT enzymes,
p300 and CREB-binding protein (CBP), have been implicated in
the proliferation and progression of certain hematological or
prostate cancers, making p300/CBP an attractive target for
anticancer drug development. In fact, p300/CBP inhibitors have
been characterized, but they generally lack potency or selectivity.
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KEAP1 becomes inactivated and releases NRF2 to induce the
cellular antioxidant response. This eﬀect is also seen in cells with
deactivating mutations in KEAP1, which comprise a prominent
subtype of NCSLCs.
Targeting NRF2 with anticancer therapeutics would be risky
because normal cells also require the transcription factor for
survival. Therefore, Cravatt and co-workers searched for druggable targets downstream of NRF2, using isotopic tandem orthogonal proteolysis-activity-based protein proﬁling (isoTOP-ABPP),
that were selectively expressed in KEAP1 mutant cells. This
technique involves exposing cell lysates to cysteine-alkylating
probe molecules that allow for subsequent enrichment, identiﬁcation, and quantiﬁcation of proteins that could be targeted
with electrophilic drugs. By comparing cysteine reactivities among
NSCLC cell lines that were KEAP1 mutant and KEAP1-wildtype,
the researchers identiﬁed potential targets speciﬁc to oncogenic
NRF2 signaling. They ultimately pinpointed NR0B1, a protein involved in regulating a subset of the NRF2 pathway, and
demonstrated that inhibiting NR0B1 with electrophilic ligands
impaired its protein interaction, transcriptional output, and the
anchorage-independent growth of KEAP1 mutant NSCLC cells.
Heidi A. Dahlmann

Bromberg and co-workers began their search for new and
improved p300/CBP inhibitors by computationally modeling a
panel of approximately 800 000 compounds into the substratebinding pocket of p300 and testing 1300 commercially available compounds in vitro. The research team got two hits, one of
which they structurally altered until they arrived at A-485,
which was signiﬁcantly more potent than previously described
p300 inhibitors and selectively bound to p300/CBP as opposed
to other HATs. Screened against a panel of 124 cancer cell
lines, A-485 selectively inhibited speciﬁc hematological and prostate cancer cell proliferation and even inhibited prostate cancer
xenograft growth in model mice, marking the development
of A-485 as an important milestone in the evaluation of the
clinical utility of HAT inhibitors.
Heidi A. Dalmann
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SMALL-MOLECULE PROBE ROOTS OUT REACTIVE
CYSTEINES IN CANCER CELLS
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Reprinted from Cell, 171, Bar-Peled, L., et al., Chemical
Proteomics Identiﬁes Druggable Vulnerabilities in a Genetically
Deﬁned Cancer, 696−709. Copyright 2017, with permission
from Elsevier.

ROCK THE CASPA

Reprinted with permission from Roberts et al., J. Am. Chem.
Soc., DOI: 10.1021/jacs.7b03064. Copyright 2017 American
Chemical Society.

A team of researchers searching for new ways to combat lung
cancer recently used chemical proteomics to discover potentially druggable proteins selectively expressed in certain nonsmall-cell lung cancer (NSCLC) cells. In their corresponding
report (Cell 2017, 171, 696−709), Benjamin F. Cravatt and
Liron Bar-Peled of the Scripps Research Institute and coworkers disclose that one of their druggable hits, the nuclear
receptor NR0B1, functions as a critical signaling node within
the NRF2 pathway.
NSCLC cells, like most cancer cells, have relatively high
demand for energy to support their rapid growth and division.
Rampant metabolism results in increased levels of cytotoxic
reactive oxygen species, which cells combat with an antioxidant
response coordinated by transcription factors such as NRF2.
NRF2, which controls expression of detoxifying and metabolic
enzymes, is sequestered under normal redox conditions by the
negative regulator KEAP1. However, during oxidative stress,

Photoacoustic imaging, or PAI, is an emerging method that
aﬀords a high resolution view inside of living tissues. Just as in
ﬂuorescence imaging, a moiety is excited by a speciﬁc wavelength of light, but instead of relying on emitted light for
detection, PAI reads the mechanical energy produced when the
chromophore absorbs a particular wavelength of light. These
waves of acoustic energy are then detected by an ultrasound
transducer to generate images with high spatial resolution.
While endogenous chromophores like hemoglobin can be used
for PAI, another attractive route is to deliver an exogenous
chromophore tuned by a speciﬁc biological signal. To date,
such “smart” contrast agents have been synthesized to detect
parameters such as pH and protease activity in tissues.
Recently, Roberts et al. (J. Am. Chem. Soc. 2017, DOI:
10.1021/jacs.7b03064) synthesized a new tool for photoacoustic
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imaging, a metallochromic probe tuned by calcium. The Ca2+
sensor for photoacoustics (CaSPA) borrowed chemical features
from the ﬂuorescent calcium sensor, BAPTA-1, and displayed
reduced photoacoustic output upon binding of low micromolar
concentrations of calcium. A cell permeable version of CaSPA
was ﬁrst tested in tissue culture cells where calcium inﬂux could
be chemically triggered, but then it was ushered into 3-D imaging with heart organoids and zebraﬁsh. Since calcium signaling
is crucial for muscle contractile activity and for neuronal function, these live models provided appropriate proving grounds.
In the ﬁsh experiments, induction of Ca2+signaling by neurostimulant compounds in the water could be readily visualized
by a change in photoacoustic energy, while ﬂuorescent imaging
of the compound showed no change in signal. This newfound
ability to watch Ca2+ ﬂux in a live organism will prove useful to
many in the research community, and researchers postulate that
more probes with red-shifted photoacoustic spectra or other
metal speciﬁcity should be feasible as well.
Jason G. Underwood
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sion of CREB fused to the N-terminal Venus fragment served
as a control. These proteins and fragments were expressed in
cells in both light and heavy isotope pools. The resulting cells
were mixed, normalized, and lysed. The proteins were immunoprecipitated using a GFP nanobody that bound speciﬁcally to a
bound complex of the two Venus fragments and analyzed using
LC-MS/MS.
These experiments ﬂagged 23 cellular kinases that interacted
with CREB. Seven of these were already known to phosphorylate
CREB. The researchers investigated six of the others, ﬁve of
which phosphorylated CREB in vitro.
The system has some limitations. False positives are possible, and some kinases need extracellular signals for activation.
In addition, the technique could pull out interactions between a
putative substrate and a downstream kinase instead of an upstream
one. But overall, the technique is a step forward in identifying the
elusive signaling interactions between kinases and their substrates.
Sarah A. Webb

PROFILING PROTEIN KINASES

Reprinted with permission from Zeng, L., et al., ACS Cent. Sci.,
3, 1078−1085. Copyright 2017 American Chemical Society.

Protein phosphorylation transmits signals central to many
regulatory networks within living cells. But it is often diﬃcult
for researchers to pull out and match speciﬁc kinases with the
phosphorylation of individual substrates. Now, Zeng et al.
demonstrate a new high throughput quantitative proteomic
strategy that allows them to proﬁle the kinases that act on a
speciﬁc substrate (ACS Cent. Sci. 2017, 3, 1078−1085).
The technique builds on bimolecular ﬂuorescence complementation (BiFC), a strategy that splits a ﬂuorescent protein
into two fragments and fuses those pieces to proteins or peptides that are expected to bind to each other. As binding partners interact, the halves of the ﬂuorescent protein combine to
produce an overall complex that glows in proportion to the
strength of the binding interaction. In BiFC, researchers typically identify binding partners through cell sorting and further isolation of those proteins. However, this team wanted to
screen a whole library of potential kinases against a substrate.
So they combined BiFC with stable isotope labeling based on
amino acids in cell culture (SILAC) to both identify and quantify
interactions between the kinase library and a substrate using
mass spectrometry.
As a test substrate, the team focused on a transcription factor,
cAMP response element binding protein (CREB). They narrowed
down CREB to a peptide segment that was phosphorylated
(Q1K) and fused it to the N-terminal half of the ﬂuorescent
protein Venus. The proteins within the kinase library were all
fused to the C-terminal half of Venus. A truncated, inactive ver2703
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