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he O’Halloran laboratory focuses on de-

veloping a quantitative understanding of

the regulatory roles of transition metals
in controlling cellular physiology. Each cell
must acquire millions (bacteria) to billions
(eukaryotes) of metal ions, monitor, and
balance the levels of these ions to prevent
excessive accumulation while simultaneously
keeping metals flowing into essential catalytic
and signaling processes. My highest priority
is training the next generation of scientists to
become rigorous and creative experts who
can guide discovery at the interface of the
physical and biological sciences. The trans-
disciplinary training in my lab both prepares
and enables students to solve some of the
most challenging and pressing problems in
chemical, biological, and biomedical research.

Quantitative Inorganic Physiology. Imagine
being able to count the atoms of the
essential elements from the single-cell
level, in subcellular compartments, and at
the tissue-level. Then imagine measuring
the changes in the distribution and activity
of metal ions in response to environmental
and developmental signals as cellular cues
for fundamental processes. This nascent
field of inorganic physiology intersects the
traditional disciplines of chemistry and
biology and harmonizes with cutting-edge
elemental mapping technologies developed
with physicists and analytical chemists at
the helm. We are developing quantitative
analytical techniques along several thrusts,
including single-cell mass spectrometry, X-ray
fluorescence microscopy, and laser ablation
time-of-flight mass spectrometry.

Regulatory Metal Fluxes Controlling Cell
Cycle Progression. Using our new zinc-specific
probes and synchrotron X-ray fluorescence
microscopy, we developed novel imaging
methods and discovered that zinc fluxes in
the mammalian egg regulate both the exit
from the meiotic cell cycle and the resumption
of mitosis upon fertilization. Most strikingly,
fertilization of a mammalian egg initiates a
series of ‘zinc sparks’, rapid exocytosis of
over 10 billion zinc ions, that are necessary
to induce the egg-to-embryo transition. Very
recently, we have discovered that zinc sparks
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Preliminary quantitative elemental maps of the
mouse coronal brain. Green regions correspond
to high concentrations of Zn, especially prevalent
in the hippocampal formation. Blue regions
correspond to Cu enrichment in periventricular
zones (also enriched in stem cells), and red
areas indicate Fe abundance (Kozorovitskiy and
O’Halloran, unpublished data).

are not only conserved in the amphibian
Xenopus laevis, but fertilization also triggers
a loss of intracellular manganese to prevent
polyspermy.

Biological Inorganic Chemistry of Cancer.
Insights into the inorganic chemistry of the
cell have led to the development of new
therapeutic agents. Cisplatin and arsenic
trioxide are anti-cancer drugs that both induce
apoptotic cell death, but through different
biochemical pathways. To improve the
efficacies of these two drugs, the O’Halloran
group utilized a nanomaterials approach to

Crystal structure of arsenoplatin-1, a unique dual
pharmacophore anticancer agent (Miodragovic et
al., J. Am. Chem. Soc. 2019).

co-encapsulate high levels of arsenous acids
and aqua-cisplatin into 100 nm liposomes that
are stable in serum but release their drug in
the low-pH endosome of tumor cells. In a
separate coordination chemistry approach,
we developed arsenoplatin, an arsenous
acid-platinum complex that shows significant
biological activity in several cancer cell lines
and with activity distinct from cisplatin and
arsenic trioxide individually. @
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Metal fluxes controlling fertilization. Left: live-cell fluorescence zinc imaging demonstrates that
fertilization of X. laevis oocytes induces a zinc spark, which was first observed in mammalian models
(Seeler et al., Nat. Chem. 2021). Middle and Right: to quantify and map labile pools of metals, our lab
develops metal-responsive probes, such as the ZincBY family of zinc-responsive fluorescent probes
(Garwin et al. J. Am. Chem. Soc. 2019).



