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Neuromuscular junctions (NMJs) are critical for all muscle movements; these junctions 
are where motor neuron cells communicate with muscle cells. Los Alamos scientists are 
optimizing the growth of functional mouse and human NMJs in a laboratory environment 
for advanced drug development and toxicology studies—and ultimately these in vitro 
models could reduce the need for animal testing. This image shows human motor neurons 
(stained orange) grown in culture with skeletal muscle cells (stained green). The presence 
of acetylcholine receptors (stained purple) indicates that the muscle cells are mature and 
ready to bind to acetylcholine molecules, which act as chemical messengers sent from the 
neurons. Read more about Los Alamos’s work to develop model NMJ systems in Recreating 
the Miracle of Motion on page 26.
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In a Los Alamos simulation, dye tracers following 
freshwater were initially placed in the Beaufort 

Gyre region (darkest red) and then tracked as they 
emerged from the Gyre during a release event. 

Red and yellow indicate where most of the 
freshwater went: through the Canadian Arctic 

Archipelago and across the Labrador Sea to 
reach the north Atlantic Ocean.  

CREDIT: Francesca Samsel and Greg Abram, Texas 
Advanced Computing Center, University of Texas

C L I M AT E  M O D E L I N G

The Freshening Gyre
Freshwater in an isolated 
pocket of the Arctic Ocean, 
already at record levels and 
still increasing, could disrupt 
a crucial ocean-circulation 
pattern.

Melting land-based ice in the Arctic not only 
threatens to raise sea levels; it also threatens 
to disrupt a critical ocean circulation pattern 
that transports warm water from the tropics 
to the North Atlantic. This transport, part of 
the larger Atlantic Meridional Overturning 
Circulation (AMOC), is largely responsible for 
maintaining temperate conditions in Europe. 
Its weakening could drastically alter that conti-
nent’s climate, bringing extreme winter storms 
and summer heat waves—and cause extreme 
sea-level rise on the eastern seaboard of the 
United States. It all hinges on how salty North 
Atlantic seawater is.

High-salinity water brought about by 
evaporation in the subtropics is transported 
northward, where the excess salt, together 
with the cooling influence of surface winds, 
makes the water denser, causing it to sink. 
As the high-salinity water plunges lower, 
surface water is pulled in behind it (which 
then gets cooler and saltier and sinks as well), 
creating a flow. This is the driving force behind 
the AMOC, operating in the subpolar North 
Atlantic—so long as the water there is saline 
enough to sink.

“Much has been made of the potential for 
freshwater release from melting glaciers in 
Greenland to irreversibly disrupt the AMOC,” 
says Los Alamos climate scientist Wilbert 
Weijer, “and that’s certainly a concern. But 
there’s another source of freshwater up 
there—one that has increased its freshwater 
content by 40 percent in just the past two 
decades—and our research says it could 
freshen parts of the north Atlantic even more 
than meltwater from Greenland.”

The reservoir in question is known as the 
Beaufort Gyre, a circulating current in the 
Arctic Ocean directly north of Alaska, largely 
fed by freshwater rivers. If water flows out 
of the Gyre over a relatively short period of 
time due to changing wind conditions, as 
occurs periodically—most recently in the 
1980s through early 90s—it could produce a 
seawater-freshening effect, greatly reducing 
the salinity wherever the Gyre’s water enters 
the Atlantic. 

In a detailed computer simulation that 
retrospectively traced the freshwater outflows 
from the Gyre in the 80s–90s event, Weijer 
and Los Alamos colleague Milena Veneziani, 
together with collaborators at the National 
Oceanic and Atmospheric Administration 
and the University of Washington (including 
Jiaxu Zhang, who was a postdoctoral scientist 
at Los Alamos during the research), found 
that most of the freshwater emerges into 
the Atlantic via the Labrador Sea between 
Greenland and Canada. A smaller amount 
enters via the Nordic Seas, between Greenland 
and Norway. The AMOC mechanism operates 
in both regions.

“If a similar release were to occur now 
or in the near future,” says Weijer, “Beaufort 
Gyre water entering the Labrador Sea would 
easily eclipse its counterparts from Greenland 
and melting sea ice.”

Veneziani, a computational oceanog-
rapher, notes that while Los Alamos has 
extensive expertise in climate modeling 
studies like this one and regularly obtains 
important insights such as these, the earth 
is a complex system, and other effects may 
come into play.

“This study reliably assessed the 
movement of freshwater from the Beaufort 
Gyre,” Veneziani says. “But we did not specif-
ically address the degree to which it would 
disrupt saline water sinking and therefore 
driving the AMOC.” Indeed, historical data has 
provided good reason to believe that winter 
conditions on the surface—a mild winter, or a 
harsh one—will significantly affect freshwater’s 
impact on the broader ocean current.

Yet the trend is firmly in one direction: more 
freshwater, more change. Short of a quick and 
dramatic end to global temperature rise, the 
AMOC is expected to slow down, possibly with 
global consequences. When will it happen? The 
Los Alamos experts exchange a troubled glance 
before summarizing the scientific consensus: 
maybe just a few decades, and almost certainly 
before this century is out. 

—Craig Tyler
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Los Alamos and other national laboratories 
seek to enable clean, green, hydrogen-
powered fuel-cell trucking on the nation’s 
long-haul routes.

electrolyte, while managing the outflow of 
the cell’s one and only waste product, water. 
The anode catalyzes the dissociation of 
H2 molecules into electrons (which are sent 
along the circuit path to power the vehicle) 
and H+ ions (which are routed through the 
chemical electrolyte). These two paths recon-
verge at the cathode, which catalyzes the 
process of making water from the hydrogen 
ions, oxygen, and the electrons arriving after 
completing the circuit.

President Biden has set a goal for the 
United States to reach net-zero greenhouse gas 
emissions by 2050 and at least a 50-percent 
reduction from 2005 levels by 2030. Doing 
this will require a substantial ramp-up of 
many green technologies, and Borup and his 
colleagues at Los Alamos and other Department 
of Energy (DOE) sites have teamed up to 
jumpstart the fuel-cell aspect. Success will 
require a massive investment in infrastructure 
for hydrogen production, transportation, and 
refilling stations comparable to existing gaso-
line-based infrastructure. How does one obtain 
a toehold on such a grand undertaking?

“With trucks, no question,” says Borup. 
“Semi-trucks have limited routes compared 
to passenger vehicles yet account for about a 
third of transportation-based emissions. So 

we can have a huge impact with a compara-
tively modest, truck-only initial investment. 
Besides, long-haul, heavy-duty transportation 
is where fuel cells really shine.” Los Alamos 
is contributing to the DOE’s Million Mile Fuel 
Cell Truck consortium to enable hydrogen 
fuel-cell technology to be dramatically scaled 
up beyond its current limited application in 
California, with ongoing research aimed at 
improving cost effectiveness and durability.

How impactful will success be, for 
emissions from trucks and subsequent 
fuel-cell vehicles, which might one day 
include ships and aircraft as well? Enormously 
impactful, it turns out. If the hydrogen is 
sourced using renewable power, it will cut 
greenhouse gas emissions to essentially 
zero—and this in the eco-resistant trans-
portation sector! If the hydrogen is initially 
sourced from natural gas—widely recognized 
as a transition fuel to renewable power—the 
reduction would still be about 50 percent. 

“If we’re serious about rising to the 
challenge of climate change, this is necessarily a 
big part of how we do it,” says Borup. “Nothing 
short of our future is at stake.” 

—Craig Tyler

SUSTA INABLE  TRANSPORTAT ION

Ground Delivery 
Goes Green
Fuel-cell technology, 
a notable Los Alamos 
specialty, is poised to make 
long-haul transportation 
eco-friendly.

Transportation is particularly difficult to make 
environmentally friendly. Electricity can be 
generated from dams, windmills, or solar 
cells instead of fossil fuels, but vehicles need 
a power source they can carry with them. 
And while charged batteries are suitable for 
lightweight, short-haul travel, they would 
be impractically heavy for larger vehicles or 
longer routes. 

Fortunately, there’s a promising middle 
ground: fuel cells. Fuel cells are essen-
tially batteries that are refueled rather than 
recharged, and the fuel is clean-burning 
hydrogen. Los Alamos has been on the 
forefront of fuel-cell development since 1977, 
and that investment—widely recognized for its 
potential to replace hydrocarbon-fuel engines 
entirely—is paying great dividends. Already, 
high-efficiency fuel-cell vehicles 
are driving on the nation’s 
roadways, mostly in California, 
where virtually all of America’s 
50 or so hydrogen refilling 
stations reside.

“Every fuel-cell vehicle 
in existence or under devel-
opment depends on technology 
invented at Los Alamos,” 
says Laboratory scientist and 
fuel-cells program manager 
Rod Borup. The key lies in 
specialized, reaction-catalyzing 
materials for the fuel cell’s elec-
trodes: the anode and cathode. 
Unlike a conventional battery, 
whose electrodes are relatively 
simple conductors with the 
energy stored in an ion-carrying 
electrolyte sandwiched between 
them, a fuel cell depends on 
porous electrodes to convey 
inflowing hydrogen (fuel) and 
oxygen (to react with) into 
controlled contact with the 
electrode catalysts and the 
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In the mountains of Northern New Mexico and throughout the West, the summer 
months bring plumes of smoke and the question: Is that a wildfire, or a prescribed 
burn? Los Alamos is intimately familiar with both. The Cerro Grande wildfire, pictured 
here in May of 2000, began as a prescribed burn, but it got out of control and burned 
43,000 acres in and around Los Alamos, causing an estimated billion dollars in property 
damage. More recently, in 2011, the record-breaking Las Conchas fire was ignited by a 
tree falling on a power line and burned over 150,000 acres in the Los Alamos area.
 



Getting a Grip 
on Wildfire

L a s t  y e a r  m a r k e d  t h e  1 0 t h  a n n i v e r s a r y  of the 
Las Conchas wildfire, which burned 150,000 acres in and around 
Los Alamos, blackening the sky, threatening the Laboratory, and 
prompting the evacuation of the town. Wildfires across the country 
are larger, hotter, and more frequent than in the past, in part due 
to climate change and in part due to mismanagement. For over a 
century, humans have dealt with wildfires by putting them out, 
but this approach, it turns out, was misguided. The exclusion of 
fire from the landscape results in dangerous accumulations of 
combustible biomass, overgrown understories, and overpop-
ulated canopies, all of which have paradoxically led to more 
out-of-control wildfires, posing severe threats to people, 
property and ecosystems. 

C L I M AT E  C H A N G E :  T H E  1 1    H O U RT H

Physics-based models help  
land managers prevent  
catastrophic wildfires.
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Fire kills diseased plants, keeps down 
crowding, and recycles nutrients back 
into the soil—it is an integral part of 
forest ecology. Rather than attempting to 
exclude fire, land managers now look for 
ways to trade high-intensity wildfires for 
low-intensity controlled fires, mimicking 
the natural fires of eons past. Prescribed 

burning, as the practice is known, is a 
tool being used increasingly throughout 
the country to keep forests healthy and 
productive, help manage terrestrial 
carbon stores, and reduce the risk of 
catastrophic conflagration. 

Prescribed burning must 
manage smoke and ensure safety 
while maximizing effectiveness, 
so it requires robust scientific 
guidance. Here in the dry and 
rocky West, forests generally 
contain less fuel than their Eastern 
counterparts, but they also have 
much less water and often much 
more complex topography, 
complicating the practice of 
prescribed burning. Laboratory 
scientists are working along three 
avenues to improve prescribed 
burning in the West: building 
a science-based foundation of 
knowledge on which to base 
decisions, integrating fire models 
with other relevant models, and 
including the processes of climate 
change in fire management.

Modeling tools
“Seasoned prescribed-burn 

practitioners have amazing 
intuition that comes from their 
extensive experience,” Los Alamos 
scientist Rod Linn explains, “but 
accelerating the learning curve 
for less experienced practitioners 
is important for the success of 
prescribed-fire practices.” Linn 
and his colleagues are building 
a science-based foundation 

of knowledge—a sort of database of 
different sets of conditions with known 

outcomes—that will help land managers and fire experts know 
what to expect in a given scenario, even if they have never seen 
it before. The database includes data from real fires as well as 
computer models—complementary sources of invaluable infor-
mation that together enable the exploration of “what if ” scenarios 
in new landscapes with evolving conditions. 

In collaboration with the United States Forest Service and 
Florida-based Tall Timbers Research Station, the Los Alamos 

team has developed a suite of computer models that are helping 
build the database and are being deployed in real-time fire-
management situations. The first of these models was FIRETEC, 
which was designed to couple with a Los Alamos computational 
fluid-dynamics model called HIGRAD that models airflow over 
various terrains. The result is HIGRAD/FIRETEC, a coupled 
atmosphere-fire model based on physics principles such as 
conservation of mass, momentum, atomic species, and energy, 
that produces high-resolution, high-fidelity, 3D simulations of 
wildfires. The model has been used to explore how topography, 
fuel structure, and interactions between these factors drive fire 
behavior, and to study how fire severity is influenced by bark 
beetle outbreaks. HIGRAD/FIRETEC is useful not only for 
studying hypothetical scenarios, but also for working backwards 
from real-world fires to help explain their behavior and delineate 
cause-and-effect relationships.

However, because HIGRAD/FIRETEC runs on a Laboratory 
supercomputer, it’s not a field-deployable, real-time tool. To fill 
this niche, the scientists developed a laptop-capable, fast-running 
tool called QUIC-Fire. The Laboratory hosts a family of QUIC 
(Quick Urban & Industrial Complex) models, developed by 
physicist Mike Brown and his team, to model how airborne 
chemical, biological, and radiological agents are transported and 
dispersed around buildings. QUIC-Fire uses algorithms originally 
developed for other QUIC models, which makes it both fast 
and nimble. 

“Careful choices were made to balance the need for accuracy 
and the tool’s usability by the fire community,” says Sara Brambilla, 
one of the lead developers of QUIC-Fire. “We now have a tool 
that brings in real terrain, evolving weather, and complex ignition 
patterns to simulate fire spread and smoke transport. And we can 
run it on a laptop.” Because QUIC-Fire can run hundreds or even 
thousands of simulations in a relatively short time, it is especially 
useful for exploring a wide range of outcomes for prescribed-fire 
scenarios and site-specific strategies.

As well as atmospheric and transport models, the team is 
also integrating ecology and hydrology computer models with 
their fire models. For example, vegetation is a strong driver of fire 
behavior, and accurately linking vegetation-specific effects to fire 
behavior is essential. Los Alamos scientists Adam Atchley and 
Turin Dickman are working on understanding how the moisture 
levels and distribution of fuels impact the spread of fire.

C L I M AT E  C H A N G E :  T H E  1 1    H O U RT H

QUIC-Fire is the team’s field-deployable, 
real-time fire model designed for site-specific 
use by members of the fire community. This 
QUIC-Fire simulation, set in the Valles Caldera 
National Preserve near Los Alamos, illustrates 
how a hypothetical fire might progress under 
specific conditions. In the second frame, the fire 
splits into two paths, as a result of how the wind 
travels over the terrain. By the fourth frame the 
two paths have converged and the fire continues 
its spread up the hill. This kind of real-time 
information helps fire managers know what to 
expect so they can plan accordingly. 
CREDIT: David Robinson/LANL

The composition of the forest affects the fire,  
and the fire affects the composition of the forest.
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precipitation can lead to either drier or wetter fuels in the future, so 
we’re using information from climate models to evaluate how well 
current prescription windows might hold up.” Here in the West 
where the air is already dry and the terrain can be treacherous, 
even a small change in these variables could necessitate substantial 
revision of current prescribed-fire practices. 

The Laboratory’s fire modeling team is also investing locally in 
wildfire-related projects. Local Native American communities have 
long understood that intentional fire is a way to keep the landscape 
resistant to extreme fire. To engage these communities, the fire 
modeling team set up a Wildfire Simulation and Visualization 
summer program and year-long internship targeted at Native 
American undergraduate students. Additionally, as Los Alamos 
itself is no stranger to wildfire, the team is working with the 
Laboratory’s Wildland Fire Program to improve understanding and 
find ways to reduce fire risk across the Laboratory’s 22,200 acres.

Longer fire seasons and more extreme fire behavior are the 
new norm. The prescription, it would seem, is to develop tools 
that can keep up with these changes to ensure safe communities 
and healthy forests. 

—Eleanor Hutterer

1663 a u g u s t  2 0 2 1 7

“Better representations of the distribution and attributes of live 
vegetation will improve our ability to accurately model prescribed 
fires, which are more sensitive to small changes in these quantities 
than wildfires are,” explains Atchley. This is because wildfires 
typically occur under ideal conditions, when things are hottest 
and driest, while prescribed burns are deliberately done under 

marginal conditions when not everything will burn. Dickman 
adds, “Prescribed fire is about killing some plants to save others. 
The fire community is just starting to recognize the importance of 
plant-carbon and water cycles in fire behavior and post-fire plant 
survival, particularly for low-intensity burns.” 

In other words, it’s not just about how the composition of 
the forest affects the fire, but also about how the fire affects the 
composition of the forest. Some plant species, like the lodgepole 
pine, thrive in post-fire environments and have evolved so that 
their seeds will only germinate after having gone through low-
to-moderate intensity fire. Capturing the biophysical feedbacks 
between vegetation and fire means scientists can explore the 
influence of different forest treatments, as well as drought and 
other warming responses, on fire outcomes, including vegetation 
recovery or mortality. 

Fire forecast
 But many of the parameters being included in the fire 

models—atmosphere, hydrology, vegetation, etc.—become 
moving targets when viewed through the lens of climate 
change. Longer summers with higher peak temperatures and 
lower precipitation can turn Western forests into tinderboxes. 
The Los Alamos team is using future climate projections to 
understand how climate change will impact land managers’ 
ability to put more low-intensity fire back onto the landscape. 
Atmospheric scientist Alex Jonko works with Atchley to study 
the climate-induced expansion and contraction of prescription 
windows—the range of conditions under which prescribed fires 
can be safely implemented. 

Jonko explains, “Rising temperatures reduce the opportu-
nities to burn during increasingly hot summers, and variable 

more  wildfire-rel ated  
science at l os a l a mos
https://discover.lanl.gov/publications/1663/1663-archive

• Wildfire’s effect on climate change
“Warming by Wildfire” | April 2014

• Climate change and tree mortality
“Our Dying Global Forests” | October 2012

• Response to the Las Conchas wildfire
“Los Alamos Under Fire” | August 2011

HIGRAD/FIRETEC is the team’s physics-based 
atmosphere-fire model, which runs on a 
supercomputer. It produces 3D simulations of 
fires, which are used to understand fire behavior 
in general. Here a HIGRAD/FIRETEC simulated fire 
(left) is compared to an actual experimental burn 
in the Northwest Territories of Canada (right). By 
combining simulation data with real-world data, 
scientists are building a foundation of knowledge 
that can help decision makers know what to expect 
in a variety of circumstances. 
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The parameters in fire models become moving targets 
when viewed through the lens of climate change.
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Fortifying for 
Extreme Weather

T H E  D E A D L I E S T  N AT U R A L  D I S A S T E R  I N  U . S .  H I S T O R Y 
was a hurricane in the year 1900 that decimated the island of 
Galveston, Texas. An estimated 6000–12,000 people were killed. 
Afterward, in a feat of engineering and a spirit of defiance, the 
shoreline was elevated by 17 feet, the city was rebuilt, and a 
10-mile seawall was erected to protect Galveston’s inhabitants and 
infrastructure against future storms. This brute-force approach 
to fortification was extreme yet largely effective. More recent 
storms—Katrina, Sandy, Harvey, Maria—wrought similar 
devastation to coastal cities and cost hundreds of billions of 
dollars, hammering home the message that the storms are 
relentless and it’s up to humanity to prepare for them. 

In the mountains of northern New Mexico, 
and throughout the west, the summer months 
bring plumes of smoke and the question: Is 
that a wild fire, or a prescribed burn? The Cerro 
Grande fire pictured here burned 43,000 acres 
in and around Los Alamos causing an estimated 
billion dollars in property damage.)

C L I M AT E  C H A N G E :  T H E  1 1    H O U RT H

A modern approach to protecting 
crucial infrastructure from 
storm damage
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Modern human society relies heavily on infrastructure—
buildings, roads, power, and water supplies—that is susceptible to 
damage from extreme weather. More extreme weather threatens 
to bring more damage, so Los Alamos scientists are helping 
determine the best approaches to weather the coming storms.

“We are already seeing the effects of climate change,” explains 
Laboratory physicist Donatella Pasqualini. “Hurricanes, 
sea-level rise, 
winter storms, 
tornados—these 
are all increasing 
in frequency 
and intensity. 
How can 
Los Alamos, as a national security laboratory, help local and 
regional decision makers adapt?” 

In two ways, actually: through future planning with 
investment in new systems and through real-time analysis for 
situational awareness. 

An ounce of prevention
Natural systems and engineered systems coevolve. For 

example, the beach in Galveston—wide and inviting before the 
storm—quickly eroded once the seawall was built, taking with it 

much of the island’s beach-based tourism and compounding its 
post-storm financial woes. Pasqualini includes the physics of this 
coevolution in the computer models she builds. She and her team 
are looking at how coastlines evolve—how the vegetation and 
geomorphology might change tomorrow, next year, ten years from 
now—in order to determine where and when to invest money in 
hardening complex networked infrastructure. 

“If I have an idea how a particular coastal region will be 
30 years from now, and how the climate will change in that time, 
that can tell me how to invest today,” says Pasqualini. “It will 
help me decide where and how to build new power-system assets 
so they’ll be physically resilient, and whether or not to harden 
existing assets.”

Pasqualini’s physics-based computer model, the New Science 
for Multisectors Adaptation (NeSMA) framework, mimics 
the coevolution between natural and engineered systems by 
integrating models of the coastal environment with models of 
energy infrastructure. NeSMA estimates future climate and 
weather threats, including their statistical uncertainty, to assess 
the risk to the infrastructure and to inform an optimal adaptation 
plan. For example, if an existing power plant is determined 
likely to flood under a set of conditions that might arise every 
ten years, might the plant be reconfigured to avoid damage? 
Or can its buildings be reinforced to resist the rising water? Or 
should the power plant be replaced entirely, by a new one located 
somewhere safer? 

Asset fortification isn’t just about threats to physical 
buildings and brick-and-mortar solutions, though buildings can 
be costly to repair. Asset fortification is also about adjusting the 
power-generation capacity within the power plant, or changing 
distribution routes between substations, or altering the network 
connections that control operations, so as to either maintain 
a certain level of functionality or at the very least to avoid 
complete destruction. 

Billions of dollars are spent on infrastructure rebuilding and 
hardening after every weather-related disaster. But the beauty of 
NeSMA is that it can help direct those dollars to where they’ll be 
most effective. Rather than automatically hardening the critical 
assets that were damaged in past events, would it perhaps be more 
effective, bang-for-the-buck-wise, to harden different assets? 
Every circumstance is unique, so NeSMA allows the exploration 
of various a la carte solutions, so decision makers can make the 
best decisions, not just knee-jerk ones.

Nearly 40 percent of Americans, along with all the critical 
infrastructure that supports them, live in coastal areas. So when 
those facilities are damaged and the power cuts out or the heating 
goes off, it’s a major problem for a lot of people. Pasqualini’s goal 
is to help power systems and other infrastructure assets to be as 
resilient as possible to long-term and short-term climate change. 
Whereas NeSMA mainly addresses the long term, Pasqualini’s 

The model can help direct fortification dollars  
to where they’ll be most effective.

The NeSMA framework can help guide investment decisions by comparing different scenarios. Here, 
electrical power substations around the Delaware Bay (dots) are at risk of flooding from hurricane 
storm surge. Though many stations are predicted to flood with or without erosion considerations, 
certain substations (triangles) are more likely to flood when erosion is included in the model, while 
others (diamonds) are more likely to flood when erosion is omitted from the model. This information 
can help guide asset-hardening investment decisions better than whether or not a certain asset was 
damaged in the past. (Data for water depth above ground level is included for coastal areas only, not 
open water areas.) CREDIT: Donatella Pasqualini/LANL, map data © Google
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Predicted Outages Actual Outages

1 to 500

500 to 5000

5000 to 50,000

> 500,000

50,000 to 500,000

team is also modeling for the short term to provide real-time 
analysis and support during weather events as they unfold.

A pound of cure  
Pasqualini developed an automated workflow that takes data 

from the National Oceanic and Atmospheric Administration 
(NOAA) and forecasts 
the intensity and 
location, by county, of 
possible power outages 
as well as the number 
of people affected. 
The ability to forecast 
outages before they occur is a powerful situational-awareness tool 
for local authorities facing imminent extreme weather who need 
to decide what to do right now.

NOAA continually collects and collates data from many 
different climate and weather models. For example, each path 
in the “spaghetti plots” that illustrate possible trajectories of an 
incoming hurricane comes from a unique mathematical model. 
NOAA collects them all, and Pasqualini’s model automatically 
downloads them from NOAA every 15 minutes. If the data have 
changed, the model updates, recalculates, and adjusts its outage 
forecast accordingly. This information can then be used by utility 
companies or government officials to decide which short-term 
mitigation steps to take, such as closing switches in a network, 
removing power from less populated areas, or isolating certain 
substations to prevent outage propagation to other stations.

This real-time analysis tool uses machine learning (ML). That 
means the computer model is fed a bunch of historical data about 
real storms—tracks, gusts, sustained wind durations, etc.—as well as 
the conditions of the storm-hit area—population density, land cover, 
surface soil moisture, etc.—and it builds a predictive algorithm 
based on trends it detects. With each new hurricane season, the 
data from the previous season get added to the ML training data, 
including information about outages, and the model gets retrained, 
so it gets more accurate with each year. So far, eight years of outage 

The model can help direct fortification dollars  
to where they’ll be most effective.

Forecasting power outages helps authorities  
decide what to do before they occur.

data are included, with many more years’ worth of 
hurricane data.

To improve the ML model further, Pasqualini 
is collaborating with scientists at the University of 

Connecticut to incorporate more accurate variables, 
such as better historical estimates of soil moisture. 

Historical power-outage data can also be tricky due 
to inconsistencies and inaccuracies. Pasqualini’s 

team collaborates with Los Alamos data 
scientist Paolo Patelli in a project to improve 
these data. Only once the historical data have 

been improved as much as possible do they get added to the ML 
training data.

While coastal areas are ground zero for a lot of the conse-
quences of climate change, the principals of Pasqualini’s models 
are more broadly applicable. Plunging temperatures, rising rivers, 
and screaming winds threaten inland infrastructure just as much 

as hurricanes threaten the coasts. Pasqualini believes her work will 
help fortify all of these communities against what’s coming.

Storms and storm damage are inevitable, so too are the 
impacts of Earth’s changing climate. Long-term climate change 
and episodic extreme-weather events present critical national 
security challenges. Helping the nation prepare for the future 
while being nimble in the present is just one way that Los Alamos 
scientists are rising to meet those challenges head on. 

—Eleanor Hutterer

The real-time power-outage modeling tool uses machine learning and 
NOAA data to forecast which counties are the most likely to experience 
damage from an incoming storm. Here the predicted (left) electrical 
power outages, by county, during 2017’s Hurricane Irma is validated 
by actual outages reported (right). The tool helps provide situational 
awareness to decision makers in the lead-up to, and during, actual storms.
CREDIT: Peter Watson/LANL

more  CLIMATE SECURIT Y  
science at l os a l a mos
https://discover.lanl.gov/publications/1663/1663-archive

• Helping farms adapt to climate change
 “Data Harvesting” | July 2019

• Modeling Arctic sea ice
 “Composing Sea Ice Stanzas” | July 2019

• Strengthening and securing the energy grid 
“Out of the Dark” | February 2019
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Powering the 
Intermountain West

M o s t  o f  t h e  e m i s s i o n s  bu d g et  has  a l re a dy  b e e n  b l ow n . 
Scientists have calculated how much greenhouse gas the earth’s atmosphere 
can handle before global temperatures increase by more than the interna-
tional target of 1.5°C, and they’ve found that historical emissions—gases 
that are already out there—account for most of the allotted amount. 
(We’ve already flown past 1.0°C.) In order to keep the increase below 
1.5°C, the concentration of atmospheric carbon dioxide (CO2) will have 
to stop increasing, or even begin to decrease, within the next 30 years. 

The number 1.5°C was identified as a manageable upper limit by 
the Intergovernmental Panel on Climate Change (IPCC), the United 
Nations body that compiles, reviews, and reports on climate 
science. The IPCC warns that a 1.5°C increase would mean a 
complete melt of Arctic summer sea ice once per century, while 
with just half a degree more, 2.0°C, it would be once per decade. 
This melting then permits increased solar heating of the polar 
oceans (because dark seawater doesn’t reflect as much sunlight 
as bright-white ice does) and thawing of permafrost that releases 
stored greenhouse gases, further increasing warming. A 1.5°C 
increase will cause rising sea levels that could affect much 
of the world’s population living within 100 kilometers of a 
coastline. This level of warming would also bring wildlife 
habitat destruction, reduced food productivity, and increased 
wildfires associated with strengthened droughts or floods, 
all of which can drive regional civil unrest and migration.

C L I M AT E  C H A N G E :  T H E  1 1    H O U RT H

Synergy between renewable energy 
and fossil energy will speed the 
region toward carbon neutrality.
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Greenhouse gases are so named because their presence in the 
atmosphere contributes to warming of the planet. The primary 
players are CO2 and methane, but nitrous oxide and several 
others also participate. The burning of fossil fuels—in vehicles, 
factories, power plants—is responsible for most of the CO2 
humans emit today. Green energy, that is, energy production 
processes that are divorced from CO2 
release, is on the rise, but it’s not 
ready to replace fossil fuels. So what 
if, instead of the pushmi-pullyu of 
fossil vs. green, they could be made 
to work together in ways that would 
benefit both, mutually driving us 
toward carbon neutrality? 

I-WEST
“We need to have carbon capture at gigaton-per-year scale,” 

explains Laboratory geoscientist George Guthrie. “People can 
become paralyzed by the size of that undertaking, but as a national 
lab, we can provide that leadership. It really is a matter of national 
security because it’s a big vulnerability, an imminent threat, and 
we have to take it seriously.”

Guthrie is spearheading a new Department of Energy 
initiative that will bring carbon neutrality to the intermountain 
west region, which encompasses New Mexico, Arizona, Utah, 
Colorado, Wyoming, and Montana. The “Intermountain West 
Energy Sustainability and Transitions” initiative, or “I-WEST” to 
play off highway nomenclature, is a large multi-institution project 
with two goals: to develop a roadmap to transition the region to a 
carbon-neutral and economically sustainable system, and to build 
coalitions of regional stakeholders who will deploy and implement 
the plan over the next 15 years.

The intermountain west region is an ideal place for such an 
opportunity because of its large natural gas resources as well 
as its extensive renewable energy potential—solar in the south, 
wind in the north, and geothermal throughout. Fossil energy and 
renewables are traditionally treated as separate economies, but the 
goal of I-WEST is to foster a symbiosis between them and make 
them interdependent. For example, CO2 captured from fossil-
fuel-burning power plants can be used to grow algae that will 
produce biofuels.

A hallmark of the initiative is its place-based approach. The 
team knew that local buy-in and input would be essential for the 
plan to align with the needs of the region, so they began with 
strong and ongoing outreach to understand various communities’ 
concerns and priorities, such as climate change, water availability, 
job stability, air quality, or food security. The scientists saw that 

communities tend to be polarized, containing staunch fossil-fuel 
believers as well as staunch renewable believers. But the solution, 
according to Guthrie, is to show people the connections between 
the two so they can see that they aren’t actually in competition 
with one another.

Guthrie likens I-WEST to the Manhattan Project: They didn’t 
know everything about how to do what needed to be done, 
but the urgency and money were there, and they got it done in 
just three years. The way to bring cost down and speed up tech 
development is to just start doing it—the demand will grow as the 
experience grows. Fortunately, scientists at Los Alamos have been 
working on virtually all key technical aspects for years, so the 
momentum is in full swing.

Regional re-carboning
There are four energy supply-and-use economies whose 

connections I-WEST will foster: CO2 capture and use, hydrogen 
(H2) production and use, bioenergy production and use, and 
electricity production and use. CO2 capture is exactly what 
it sounds like—pulling CO2 away from other gases—which 
can either be done at the source, such as a power plant, or else 
by direct air capture (DAC). Laboratory scientists have been 
inventing a variety of new DAC methods that are more efficient, 
economic, and scalable than what’s currently available. 

The Lab also has decades of expertise in hydrogen-fuel-cell 
development [see “Ground Delivery Goes Green” on page 3]. 
Fuel-cell vehicles are emissions-free and could be the next 
generation of sustainable-energy vehicles. “Green” H2 is that 

Most

Annual dry gas 
production

Average 
wind speed

Solar 
irradiance

Geothermal 
resource potential

Least

Fossil energy and renewables can be 
made symbiotic and interdependent.

The intermountain west region 
comprises six states and has high 
annual dry gas production, high solar 
irradiance, moderate to high wind 
speeds, and high geothermal resource 
potential—a perfect recipe for 
energy initiatives. 
CREDIT: Adapted from U.S. Energy Information 
Administration, National Renewable 
Energy Laboratory
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which has been extracted from water without the 
production of CO2 as a byproduct. However, most 
H2 is what’s known as “blue hydrogen,” meaning it 
has been extracted from methane in a process that 
produces CO2 (connecting the CO2 and H2 energy silos), 
and the CO2 has been subsequently captured. (If the CO2 
is emitted instead of captured, the H2 is termed “gray.”) 
In addition to developing actual fuel cells, Lab scientists are 
developing new methods of producing both blue and green 
H2, methods that are highly efficient and include near total CO2 
capture. Whether it’s green or blue, the important thing is that 
fuel-cell vehicles’ fuel is CO2-neutral.

So carbon gets captured; then what? It either has to be used 
immediately or stored indefinitely. Los Alamos has capabilities 
in these arenas as well, one of which brings in the bioenergy 
silo. Plants and algae offer great promise for bioenergy, from 
ethanol to biodiesel and biogasoline. Happily, CO2 is a main 
ingredient for photosynthesis, the process by which plants and 
algae grow. So the CO2 from both fossil-energy production 
and blue H2 can be fed to these organisms in exchange for their 
energy-dense hydrocarbons.

The sale of electricity to the West Coast is a critical revenue 
stream for the intermountain west region, but the West Coast 
will soon require that all its 
electricity be carbon-neutral. 
By connecting the other energy 
economies to the electricity 
economy, I-WEST will help 
regional production become 
carbon-neutral. The electricity 
supply-and-use capabilities that the Lab is developing include 
grid design, grid reliability, and energy storage.

Finally, Los Alamos has a plethora of other relevant 
capabilities stemming from its considerable expertise in 
subsurface sciences, such as geologic fracture networks, wellbore 
integrity, and pipeline optimization. For example, supercritical 
CO2 might be used in fracking to improve efficiency and reduce 
pollution. Similarly, it could be used in geothermal energy 
harvesting, or it could be sequestered permanently underground. 

Some of the needed technologies for I-WEST’s 15-year 
roadmap are closer to rolling out than others. The plan is to 
deploy them as they become ready, integrating with or replacing 
various pieces along the way. As the technology matures, the 

symbiotic clean-energy 
economy will grow.

“Exploiting the symbiosis 
between carbon dioxide, hydrogen, 

bioenergy, and electricity will 
accelerate our transition to clean 

energy,” says Guthrie. “I-WEST will 
illuminate the technology pathway to reach carbon neutrality. 
I think of it as re-carbonization.”

The present moment is an opportunity to staunch the flow 
of greenhouse gases into the atmosphere while empowering 
all of the players in the energy game. The I-WEST initiative is 
about communicating the urgency of this opportunity to key 

stakeholders—government, industry, and local communities. 
By building inertia over the next year or so, it will become 
increasingly evident that the time for these stakeholders to act 
is now, and I-WEST will be there to show them the way.

—Eleanor Hutterer

The symbiosis between the CO2, 
hydrogen (H2), bioenergy, and 
electricity economies can accelerate 
the transition to clean energy. Los Alamos 
science will support each energy economy 
with a variety of capabilities: CO2 economy—
carbon capture, carbon storage, and the use 
of CO2 for geothermal energy harvesting; H2 
economy—fuel-cell technology, hydrogen 
fuel-cell production, hydrogen storage; bioenergy 
economy—feedstock technology, algae growth, 
lipid production, commodity chemicals; electricity 
economy—grid design, grid reliability, energy 
storage. The I-WEST initiative is designed to foster 
synergies and help achieve carbon neutrality.

Once carbon is captured, it must be 
used immediately or stored indefinitely.
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A new kind of treatment delivers a radioactive payload
directly to the infectious bacteria within the body.

A NUCLEAR

FOR PATHOGENS

HUNTER-
KILLER
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T U B E R C U L O S I S ,  P N E U M O N I A ,  M E N I N G I T I S , 
F L E S H - E AT I N G  D I S E A S E —all potentially fatal, all 
commonly caused by drug-resistant bacterial infections. 
More Americans die from such infections—usually 
acquired during an unrelated hospital visit—than from 
traffic accidents, guns, and HIV combined. And the rates 
are climbing. In the absence of new antibiotics, doctors 
desperately need some other way to battle the bacteria.



Kozimor. “Then you need a delivery system that will rapidly 
home in on the bacteria in question. Finally, you need a chemical 
mechanism to attach one to the other.”

The first two legs of this triad are already major Los Alamos 
capabilities. The Lab’s history with nuclear science and 
engineering has led it to develop many critical technologies, 
including the production of radioisotopes for medical therapies. 
Actinium-225, in particular, has shown tremendous promise for 
this type of treatment. It has a brief ten-day half-life, so it doesn’t 

present a long-term 
danger to the patient, 
and it decays in a 
powerful series of 
four alpha-particle 
emissions—a type of 
radiation that doesn’t 

penetrate far and thus is only dangerous in a very narrow radius 
around its target. The radioactive decay chain ultimately converts 
the actinium-225 into bismuth-209, which is neither radioactive 
nor toxic at the levels in question. Actinium-225 is not found 
in nature due to its short half-life and is difficult to produce, 
requiring a proton accelerator and a sophisticated separation 
process; fortunately, the Lab has both.

The second leg, delivering the isotope to the pathogen, is 
another major Los Alamos success story. The delivery system is 
an antibody: a biomolecule that latches onto a particular comple-
mentary biomolecule, or antigen, found on the outside of the 
target cell, with great specificity, like lock and key. Laboratory 
bioscientists have developed a highly successful system for rapidly 
identifying specialized antibodies using a blend of computer 
analysis and wet-lab benchwork. One of their major antibody 
design efforts, for example, targets Yersinia pestis, the bacterium 
that causes plague, and this is the antibody Kozimor’s team used 

in their experiments. (Plague is treatable 
with existing antibiotics if caught early 
and not antibiotic resistant, but Y. pestis 
was chosen for this research to explore 
treatments against a germ-warfare attack. 
The researchers are working with its 
vaccine strain.)

The third and final leg is the creation 
of a stable chelator, or linking molecule, 
to join the actinium to the antibody. It 
must bind in a fashion that introduces no 
toxicity, is not simply excreted out of the 
patient, and is not vulnerable to having the 
actinium displaced by other metals found 
inside the body. In addition, the chelator 
should be designed in such a way that the 

Human lung alveolar tissue infected with the vaccine strain of 
Y. pestis (seen here as hundreds of short, thin line segments). 
The bacteria infect both inside and outside alveolar cells, 
ultimately tearing apart the delicate connections between 
each cell, and can enter the bloodstream from inside the lung.

Alpha radiation kills only in its immediate 
vicinity, so the emission source must be 

adjacent to the cells that need killing.

As it turns out, there is another way. 
Laboratory chemist Stosh Kozimor is the 
lead scientist on a team investigating a 
completely different kind of treatment, 
taking a cue from a type of cancer therapy 
currently in development. The idea is to 
deliver radioactive isotopes directly to 
the harmful bacteria (or the tumor cells, 
in the case of cancer) within the body 

and thereby kill them with extremely 
localized irradiation. Unlike a targeted 
antibiotic drug that kills the bacteria 
but leaves human cells unharmed—
obviously a great option when such a 
drug exists—this type of radiation is an 
indiscriminate short-range killer, and so 
the emission source must be quickly and 
carefully brought adjacent to the cells that 
actually need killing. (It will still damage 
some human cells, but at levels the body 
can handle.)

The key to making this treatment 
effective is threefold. “First, you need a 
suitable radioisotope to emit sufficient 
radiation—and then become inert before 
it does too much collateral damage,” says 
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methods used to create it can be easily adapted for 
other antibodies meant to treat other pathogens.

Kozimor leads a team of chemists, physicists, 
and bioscientists in the development and testing of an 
extraordinarily accurate Y. pestis antibody, attached to a 
few ions of actinium-225 via chelators, in a configuration that 
is therapeutically effective. Kozimor has been working through 
a series of increasingly effective chelators—and chelator design 
and analysis tools—while his Los Alamos colleague Armand 
Dichosa leads the biological efforts, including those by Lab 
scientist Antonietta Lillo to create and screen new antibodies 
for increasing specificity to Y. pestis—even when radio-
labeled—while still maintaining sufficiently broad coverage 
across different Y. pestis strains. Meanwhile, other colleagues at 
Los Alamos and Lawrence Berkeley national laboratories have 
begun testing different aspects of the treatment.

At Los Alamos, scientists Jennifer Harris and Laura Lilley 
have been examining the effectiveness of radioisotope treatment 
for Y. pestis infections in human lung tissue, where the pathogen 
can cause pneumonic plague (as contrasted with bubonic plague, 
in which the pathogen is introduced through the skin, as from 
a flea bite). With pneumonic plague, antibiotic treatments are 
effective only if begun within 24 hours of the onset of symptoms, 
after which a radioisotope therapy could be a lifesaver. Harris and 
Lilley applied antibodies and isotopes to a suite of lung cells of 

different kinds, such as those involved in protecting the airway or 
oxygenating the blood. Their findings to date are quite promising.

“First off,” says Harris, “our antibodies were not harmful to 
the lung tissues, which is reassuring, given that some antibodies 
can cross-react with tissue and damage it. But more than that, 
at radiation levels necessary to kill bacteria or stunt its growth, 
we found that mature, differentiated tissues—as found in actual 
human lungs—were much more stable after isotope exposure than 
the immature cells more commonly used in research. I consider 
this a serious win.” 

Meanwhile, at the University of California, Berkeley, and 
Lawrence Berkeley National Laboratory, collaborator and 
professor Rebecca Abergel is testing the treatment paradigm on 
mice, as well as in the petri dish. She is working with the whole 
package—Los Alamos’s targeted Y. pestis antibodies chelated 
with actinium-225—and preliminary results are extraordinarily 
encouraging. The petri-dish experiments on bacterial cultures 
reveal that delivering the actinium via antibody greatly diminishes 
bacterial survival, and the experiments in mice show reduced 
bacterial colonization in major organs. Much remains to be 
done to see if this approach will be safe and effective in human 
beings and, if so, to develop it into a properly sanctioned medical 
treatment. But as initial indicators go, these present about as much 
success as could be hoped for.

“This is a real chance to save lives, against a 
backdrop of increasing rates of drug-resistant 
bacterial infections,” says Kozimor. “But the range 
of expertise needed to bring something like this 
together—nuclear physics and manufacturing 
isotopes, exquisite antibody design, chelation 
chemistry, biomedical testing—is truly expansive. 

Where do you get this kind of varied expertise all in one place for 
the sake of safeguarding lives? To my thinking, this is exactly what 
our national labs are for.” 

—Craig Tyler

more medical technology 
at l os a l a mos
https://discover.lanl.gov/publications/1663/1663-archive

• Pandemic science
“On-target Testing” | February 2021
“Catching the Coronavirus” | February 2021

• Nuclear medicine for cancer
“Cancer in the Crosshairs” | August 2020
“Nuclear War Against Cancer” | March 2016

• Overcoming antibiotic resistance
“Resisting Bacterial Resistance” | March 2016
“The Mold Rush” | October 2015

• Designer Antibodies
“The Perfect Fit” | May 2015

To find and kill dangerous pathogens (blue) within the body, 
an antibody (purple) that selectively binds to an antigen on 
the surface of the pathogen is linked to a chelator molecule 
(orange) designed to carry ions of a radioactive isotope with 
a brief half-life. Concentrated radiation from the attached 
isotope delivers a lethal dose to the pathogen before the 
isotope’s radioactivity safely dwindles away.

The range of expertise needed 
to bring something like this 
together is truly expansive.
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in their own words

Nuclear physicist Anna Hayes devised 
a way to infer what’s happening within 
the core of a nuclear-fusion experiment 
by observing a neutron everyone said 
would be unobservable.

A Neutron 
in a Haystack

I T ’ S  L I T T L E  W O N D E R  T H AT  N U C L E A R  F U S I O N  has long 
been one of humanity’s great hopes to address the world’s energy 
problems. Two isotopes of hydrogen fuse together and release 
millions of times more energy than an equivalent amount of fossil 
fuel. Indeed, just fifteen kilograms of fusion fuel provides about 
as much energy as 100,000 metric tons of coal. On top of that, it’s 
carbon-free, and, unlike fission, its reaction products do not take 
the form of long-lived radioactive waste that must be stored. Apart 
from a spray of neutrons, which do not go beyond the reactor’s 
containment structure, the only direct byproduct is helium, which is 
inert. All things considered, fusion power would be world-changing.
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Of course, that’s just in theory. 
Making it actually work has proved 
horribly difficult. The challenge is to 
create and sustain a tightly compressed, 
multimillion-degree ball of hydrogen 
plasma that wants to expand. It wants 

to explode. It wants to radiate and 
cool, shutting itself down. But if we 
could contain it—keep it hot, keep it 
dense—natural fusion would proceed 
continuously, and we could use the heat 
it produces so prolifically to generate 
electricity, just as we use coal-fire heat now.

My career at Los Alamos has allowed 
me to contribute to a wide range of nuclear 
science and technology. I’ve worked 
on fundamental physics, specialized 
materials, nuclear weapons, and various 
external signatures for monitoring activity 
inside a nuclear reactor. But perhaps my 
favorite line of research has been my work 
on something called inertial-confinement 
fusion, or ICF.

Fusion disillusion 
There are two primary ways to try to 

contain a multimillion-degree plasma (that 
is, a gas so hot that electrons detach from 
their atoms). One way is with a powerful 
magnetic field. The other way, used in 

ICF, is a spherical implosion driven by lasers to compress the 
plasma, at least briefly. Unfortunately, in decades of experiments, 
the power required to maintain the magnetic field or drive the 
implosion has exceeded the power produced by the resulting 
fusion. Scientists have long been trying to achieve something we 
call “ignition”: getting more power out than what we put in.

In the United States, there is a major ICF research facility that 
was built expressly for this purpose, the National Ignition Facility 
(NIF) at Lawrence Livermore National Laboratory in California. 
The scientists there work on ignition in earnest, and some of 
us at Los Alamos collaborate or help with certain aspects of the 
problem, such as redesigning the fuel capsules or developing 
specialized instrumentation to see what’s happening—generally, 
what’s going wrong—inside the imploding core. (We also use NIF 
experiments to inform us about fusion processes that impact the 
design and performance of nuclear weapons.)

NIF works like this: 192 extraordinarily powerful ultraviolet 
lasers converge from all directions into a container that acts like 
an oven, cooking a fuel capsule only a few millimeters in diameter. 
The cooking causes the outermost part of the fuel capsule to blast 
away, producing a powerful recoil implosion that compresses and 
heats the fuel enough to initiate fusion reactions. The whole thing 
is quite exquisite, really. 

And yet the manner in which it typically fails is utterly 
ordinary. The compression just isn’t symmetrical enough. It’s like 
squeezing a peach with your hand: you can never do it perfectly, 
and bits of fruit come squirting out the gaps between your fingers. 
In other words, the basic challenge of fusion, containment, is the 
problem. And that’s just for the plasma; it is also a struggle to 
contain the radiation. The heat from fusion generates a kind of 
x-ray glow, and the x-rays do what x-rays do: go right through 
things and fly away, taking lots of valuable energy with them—
energy we ICF scientists would rather see remain in the core to 
keep the fusion reactions going. 

Don’t get me wrong: ICF works, in that fusion happens, but 
full ignition remains challenging. We have been edging closer with 
a series of clever experiments, but things have not always gone as 
planned, even from the start. The imperfect-compression problem 
is thornier than we expected. And although Livermore recently 
achieved an impressive marginal ignition yield, it’s unclear 
whether or not they can get the rest of the way, much less exceed 
the ignition threshold by enough to convert an encouraging result 
in an ICF experiment into a practical power source.

Hidden core
Several of my colleagues have long believed that ignition 

would never happen without at least containing the x-rays. 
That much, fortunately, can be done: The fuel capsule can be 
redesigned to include a shell made from a heavy metal, much 
like wearing a lead apron at the dentist. I find this heavy-metal 
shielding to be an ingenious idea; however, it is not sufficient to 
reach ignition (not yet anyway), and it introduces two additional 

Just fifteen kilograms of fusion fuel provides about as 
much energy as 100,000 metric tons of coal.

Inside the target chamber of the National Ignition Facility at Lawrence Livermore National 
Laboratory, 192 ultraviolet lasers converge on a small target assembly containing a fuel 
capsule just a few millimeters in diameter. 
CREDIT: Lawrence Livermore National Laboratory
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problems. First, in the heat of the implosion, the heavy-metal 
layer will not remain solid; its atoms may start to mix into the 
fuel, thereby effectively diluting the fuel’s ability to support 
fusion. (This is an important consideration, and I will return to 
it.) Second, most of the standard diagnostics used to measure 
what’s happening inside the core—the diagnostics that tell us how 
unevenly the core is compressing—do so by observing x-rays, 
which would now be blocked.

This brings me to a crazy idea I had about ten years ago that 
actually paid off.

My colleagues were developing an imaging system to see 
neutrons, rather than x-rays, coming out of the core, including 
neutrons that scatter 
off of ions of fusion 
fuel before escaping. I 
wondered: What if we 
looked for the products of 
those neutron-scattering 
reactions? Could we 
somehow observe those? 
And if we could, what might they tell us about the conditions 
inside, such as the effect of heavy metals mixing into the fuel?

The scattering of neutrons in the capsule captured my interest. 
Each time a fusion-borne, high-energy neutron from the core 
fusion region careens into a fuel ion outside the core, there’s a 
chance that the newly energized ion will subsequently induce 
another fusion reaction out of equilibrium, by which we mean a 
very energetic fusion reaction. I started to focus on what we call 
“reaction-in-flight” (RIF) neutrons: those that emerge from that 
second, higher-energy fusion reaction. 

Only about one in ten thousand neutrons produces a second 
reaction. Some of my colleagues thought it was a waste of time; we 
would never see RIF neutrons. My brain knew they were probably 
right. But my gut must have thought otherwise, because I just 
wasn’t ready to give up on it.

RIFs at NIF
Maybe the reason I couldn’t just let the RIF neutrons go 

is the fact that they are sort of fascinating in their own right. 
The two isotopes of hydrogen used in fusion, deuterium and 
tritium, collide and reconfigure in a way that spits out a neutron. 
A deuterium nucleus (D) is made from a proton with one neutron, 

and tritium (T) is a proton with two neutrons, so the D-T 
collision involves a total of five particles. For reasons specific to 
nuclear physics, D-T collisions result in a helium nucleus (made 
from four of them: two protons and two neutrons) plus a stray 
neutron. That’s the emitted neutron my colleagues and I wanted to 
observe from high-energy fusion reactions. We succeeded. It was 
an incredibly challenging measurement but one that turned out to 
be incredibly useful. 

In a normal D-T fusion reaction, the energy of the outgoing 
particles comes from the fusion energy itself. The helium nucleus 

While everyone else was naturally concerned 
with what was happening inside the core, we 
focused on what was happening just outside.

A deuterium-tritium fusion reaction produces a helium nucleus and a 
14-megaelectronvolt (MeV) neutron. This high-energy neutron usually flies 
out of the fuel capsule, but on rare occasion, the neutron collides with another 
nucleus—deuterium, say—outside the core where fusion normally takes place, 
giving the deuterium nucleus extra energy. If the deuterium then collides with 
a tritium nucleus, the collision carries sufficient energy to spawn another fusion 
reaction, producing an even higher-energy neutron, up to 30 MeV. By using special 
thulium and bismuth foils, the passage of the neutron and some information 
about its energy can be recorded. From that information, scientists can tease out 
key properties of the matter undergoing fusion.
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example, captures a neutron, it can spit out four more neutrons to 
become bismuth-206, thereby going from a stable nucleus to one 
with a six-day half-life—a distinction that’s hard to miss. Still, we 
needed a very specialized detector and a sophisticated analysis 
technique to find our RIF-derived radioactivity signal amidst 

the overwhelming 
background created 
by the majority 
of neutrons that 
emerged at “only” 
14 MeV. But it 
worked. We were 
able to quantify the 

particular slice of radioactivity we were looking for and thereby 
determine how many RIF neutrons hit the foils.

As my colleagues and I would soon learn, we could infer a 
lot about the conditions in the plasma just outside the burning 
core by comparing the number of neutrons captured by each 
foil. Because of the foils’ different energy thresholds at 15 and 
22 MeV, the relative numbers captured give us a good indication 
of the energy distribution of the emerging RIF neutrons. From 
past experience at NIF and elsewhere, we knew what the distri-
bution ought to be, so it would be possible to compare the 
measurements with theoretical calculations. We dutifully worked 
out the math and found that the number of RIF neutrons depends 
sensitively on what happens just before the fusion reactions that 
produce them. 

In particular, after a D (or T) is hit by a 14-MeV neutron, but 
before it collides with a T (or D), it will be slowed down somewhat 
as it passes through the surrounding medium. The degree to 
which the D is slowed is referred to as the stopping power of 
the medium. We found that we could directly connect our RIF 
neutron measurements to the stopping power and the stopping 
power to the key conditions, such as density, inside the exploding 
fuel capsule during the fusion burn—exactly what I had originally 
hoped to do.

Now, remember I told you that adding a heavy-metal layer 
around the fuel capsule to prevent radiative energy losses runs 
the risk of some of that metal mixing into the fuel and diluting 
it? Well, that kind of mixing has a very strong effect on stopping 
power: the greater the amount of mixing, the greater the stopping 
power. Therefore, the RIF measurement system is extremely 
sensitive to mixing. Going forward, that means if any NIF 
fusion experiment underperforms expectations, we can use RIF 
neutrons—the same neutrons most experts thought it would be 
folly to even try to measure—to make a reliable estimate of how 
much of that underperformance we can blame on mixing, even 
when x-ray data are unavailable. And obviously, understanding 
the reason for a failure is essential when trying to remedy it.

Fusion confusion
I realize I’ve painted a rather rosy picture here: a measurement 

challenge overcome against the odds. And that’s true, but of 
course, it’s never so simple in practice. For a while, we were 
getting stopping-power results that didn’t make a lot of sense, and 
it took some time before I figured out what was going on and how 
to deal with it.

comes away with about 3.5 megaelec-
tronvolts (MeV), enough to help heat 
up the plasma (this heating is the useful 
energy produced by fusion), and the 
neutron has 14 MeV. That’s a lot. So, I 

was interested in what would happen if 
the 14-MeV neutron hit something else. 
If it hit another D, for example, probably 
somewhere outside the main fusion hot 
spot, and that D then careened into a 
T, there would be another fusion, and 
this time, the energy of the neutron that 
emerged would depend not only on the 
fusion reaction itself but also on the 
speeds and trajectories of the collision 
that produced it. If you do the math, it 
turns out that the second neutron—the 
RIF neutron—can have up to 30 MeV! 
This particle would be both incredibly 

energetic and, potentially, 
incredibly useful, so while 
everyone at NIF was naturally 
concerned with what was 
happening inside the core, our 
team was concerned with what 
was happening just outside in the 
non-burning plasma.

So, in an ocean of 14-MeV 
neutrons, I wanted to see if 
we could detect a compara-
tively tiny number of much 
higher-energy RIF neutrons. 
Following a brilliant idea from 
my Los Alamos colleague 
Bob Rundberg, now retired, 
we rigged up a series of metal 
foils to capture RIF neutrons. 
Two foils in particular do the 
heavy lifting—a thulium foil, 
which collects neutrons in a 
particular way at a threshold 
energy of 15 MeV or greater, 
and a bismuth foil, which 

does something similar above 22 MeV. 
In both foils, capturing a neutron means 
changing an atom of the metal from a 
stable isotope to a highly radioactive 
isotope with a known half-life. When 
the original isotope bismuth-209, for 

Now we can use RIF neutrons—the same neutrons 
most experts thought it would be folly to even try 

to detect—to make important measurements.

3D reconstruction of neutron-imaging data from a 
NIF fusion experiment: Two neutron energies were 
observed: a narrow range around 14 MeV and 10–
12 MeV. The red “hot spot” is dominated by 14-MeV 
neutrons, produced by core fusion reactions. In the 
outer green-blue regions, however, the image is 
dominated by neutrons of 10–12 MeV. Their lower 
energies imply that they were formerly 14-MeV 
neutrons produced in the core but have scattered 
off of fusion-fuel ions, transferring energy from the 
neutrons to the ions. Some of those ions will go 
on to spawn new, higher-energy fusion reactions, 
emitting up to 30-MeV reaction-in-flight neutrons. 
CREDIT: LANL neutron-imaging team
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By way of explanation, allow me to take you back to 
high-school chemistry. Perhaps you remember a lesson in which 
you were supposed to put an atom’s electrons into their proper 
orbitals: two in the first energy level, eight in the second, and 
so on according to a specific progression. (This orbital-packing 
business is the reason for the shape of the periodic table: two 
atoms on the top row, hydrogen and helium, then eight on the 
second row, etc.) The reason behind all this is a quantum-physics 

effect which prohibits any two electrons from sharing the same 
quantum state. In an atom, that means the electrons must 
progressively occupy different orbitals; in a plasma undergoing 
fusion, where the electrons are not attached to atoms, it means 
a force arises to resist too many electrons being crammed into 
too small a space (where they would be in danger of sharing the 
same quantum state). This force is called “degeneracy pressure,” 
and it arises from the successively higher energies—and therefore 
stronger push, or pressure—that each electron must take on to 
avoid sharing the same state as some other electron nearby.

We physicists are well trained to handle everyday situations 
when degeneracy pressure is too small to matter (like for the 
pressure of a gas inside a balloon or inside an engine), and we also 
learn to handle situations when the degeneracy pressure is much 
larger than anything else, such as in a white dwarf star, which our 
sun will eventually become. But as luck would have it, NIF fusion 
experiments tread on the borderline, where electron degeneracy 
pressure doesn’t overwhelm ordinary gas pressure, but it isn’t so 
small you can simply ignore it either. 

I won’t lie: fixing the math to account for partial degeneracy 
pressure was not easy. But once completed, the results made 
perfect sense. Changes in stopping power could now be 
convincingly associated with the transition region between 

gas pressure and degeneracy 
pressure. Moreover, we got a 
sort of bonus. Not only do RIF 
neutrons provide an indicator 
of conditions such as density and 
mixing, but they also tell us how 

much degeneracy pressure is at work—an important property 
of NIF implosions that can’t be directly determined by any other 
means. This knowledge should certainly prove useful in ongoing 
fusion research, and the only reason we can quantify it is because 
of a successful effort to measure something we all thought (myself 
included, to some degree) was probably impossible.

This is really my point: You never know what unexpected 
benefits (or challenges) will appear around the next bend if you 

don’t get close enough to look. 
And sometimes, especially 
when you’re feeling stuck on 
some complicated problem, the 
best thing to do is just pursue 
some aspect of the problem 
that catches your attention. 
You can move a short distance 

in some direction and you find your landscape changes subtly; 
the problem looks a little different from where you stand now. 
Luckily for the RIF project, this change in perspective was 
enough for us to see our way around the obstacles. Sometimes, 
whatever your crazy idea is, you just have to listen to your gut 
and give it a try. 

—Anna Hayes

more fusion power  
at l os a l a mos
https://discover.lanl.gov/publications/1663/1663-archive

• Laser-driven fusion experiments
 “Mission: Ignition” | February 2019

• Magneto-inertial fusion
“Small Fusion Could Be Huge” | July 2016

• Neutron imaging
“View from the Core” | August 2011

My brain knew it was a long shot. But my 
gut must have thought otherwise, because 
I just wasn’t ready to give up on it. 

A brown dwarf star (artist conception shown 
here), unlike a normal star, is not massive enough 
to generate sufficient heat in its core to sustain 
nuclear fusion of hydrogen. Without fusion, theory 
indicates that a young brown dwarf would be 
partially degenerate—relying on a combination of 
electron degeneracy pressure (see main text) and 
ordinary gas pressure to support its weight. In this 
respect, it is similar to a fuel capsule during a fusion 
experiment: the region undergoing fusion is also 
partially degenerate. CREDIT: NASA/JPL-Caltech
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H a n g i n g  u p  t h e i r  d a n c i n g  s h o e s  was not an option, 
so in 2003, patients with Lou Gehrig’s disease joined a clinical 
trial to see if a muscle-strengthening supplement called creatine 
monohydrate could slow the deterioration of their mobility. The 
supplement had shown promising results in mice, but unfortunately 
the drug impacted neither the patients’ rate of decline nor their 
survival. It was a disappointment for the participants as well as for 
the scientists whose work had fallen flat. 

In vitro studies of neuromuscular communication 
are key to fast-tracking new therapeutics.

CREDIT: Jesús Armand. Dancers pictured are Cassie Trenary and Sean Stewart 1663 F E B R U A R Y  2 0 2 2 27



Malfunction at the junctions, however, is a key aspect of many 
disorders, including Lou Gehrig’s disease, which is scientifically 
known as Amyotrophic Lateral Sclerosis (ALS). In ALS patients, 
neurons break down over time and lose their ability to send ACH 
to muscles. Without this stimulation, the muscles atrophy and 
deteriorate, decreasing mobility and ultimately affecting a patient’s 
ability to waltz, walk, pump blood, and even breathe. Scientists 
have studied ALS for more than 100 years, but there are still very 
few treatments available, and there is no cure; ALS is always fatal.

On the other hand, an overabundance of muscle stimulation is 
also a problem. Nerve agents and certain pesticides impact NMJ 
communication by inhibiting AChE, so the ACH messengers are 
never removed from the junction and the muscles contract uncon-
trollably. Victims of nerve agent exposure experience an overstim-
ulation of every NMJ system, causing vomiting, cramping, 
salivation, hypertension, or convulsions—potentially leading to 

asphyxiation or cardiac arrest. 
“We want to improve 

countermeasures for these 
poisonings,” says Los Alamos 
biologist Jennifer Harris. “And 
we want to develop an ethical 
platform to use for testing.”

With this in mind, Harris 
and fellow Los Alamos biologist Rashi Iyer, working with the 
Defense Threat Reduction Agency (DTRA), convened a team in 
2016 to build an in vitro NMJ to study potential countermeasures 
for nerve agent poisonings, therapeutics for ALS, and more. Since 
then, their work has expanded into multiple projects and their 
advances have led to a thorough understanding of the conditions 
and genes needed to grow both mouse and human NMJs. 
Furthermore, it has led to a high-throughput screening platform 
that is poised to significantly affect neuromuscular drug discovery. 

Seeking signals
Growing cell cultures in a laboratory environment is 

complicated because cells within living organisms rely on signals 
from each other and from their environment. Most cells in the 
human body carry an entire set of the genetic information needed 
to create the organism (the exception being reproductive cells 
such as eggs and sperm that only carry half the information). 
With all the genetic data present during development, embryonic 
stem cells can differentiate into anything—lung cells or heart 
cells or skin cells—based on which genes are activated during 
which stages of maturation. Cells communicate with each other 
by sending small molecules, such as proteins or sugars, as signals 
to initiate this gene activation.

In addition to signals from other cells, environmental cues 
such as changes in temperature, pressure, or pH can prompt a 
cell to repair damage, initiate enzyme activity, and so forth. Cell 
signaling is important beyond the development process as mature 
cells also rely on chemical messages. Together, these requirements 
make it very difficult to remove cells from a living organism and 
grow them in a petri dish or other ex-vivo laboratory environment. 
Without the correct mixture of signals, the cells can die. 

For these reasons, scientists generally use stem cells or other 
cells that are specifically adapted for growing in culture. With an 

Animals are a vital part of drug 
discovery, but they are not perfect 
surrogates for humans. Furthermore, 
research with mice is expensive and raises 
ethical and moral dilemmas. For these 
reasons, scientists at Los Alamos National 
Laboratory, along with external collab-
orators, have spent more than a decade 
developing multiple lab-based, in vitro 
organ platforms to reduce our reliance 
on animal research. Their most recent 
endeavor is to recreate a neuromuscular 
junction (NMJ): the critical intersection 
necessary for all muscle movements, from 
voluntary leaps and pirouettes to invol-
untary heartbeats.

Neuromuscular junctions are where 
motor neuron cells communicate with 
muscle cells, but their interaction is 
complex and difficult to replicate. Robust, 
in vitro NMJ platforms could change 
everything. They could enable a thorough 
examination of NMJ function, but more 
than that, they could also facilitate the 
rapid screening of thousands of potential 
drugs for Lou Gehrig’s disease and much, 
much more. Simple, inexpensive ways of 
screening therapeutics could ultimately 
improve or save millions of lives.

Motion = life
In a normally functioning NMJ, an 

electrical impulse in a motor neuron and 
an influx of calcium trigger the release 
of a chemical messenger called acetyl-
choline (ACH). ACH molecules enter 
the junction between the neuron and 
muscle and bind to external receptors 
on the muscle cell, initiating a cascade of 
cellular events that cause the muscle fibers 
to contract. A regulatory enzyme called 
acetylcholinesterase (AChE) can also be 
released to break down the ACH when 
necessary, allowing the muscles to relax. 
There are over 600 muscles in the human 
body—skeletal, cardiac, and smooth—
and this careful balance of releasing and 
eliminating molecules enables each one of 
them to move. 
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NMJ, however, the Lost Alamos team 
faced the challenge of combining two 
completely different cell cultures—
muscle cells and neurons—that 
require two different sets of signals to 
create a mature, functioning NMJ. 

Starting with immature mouse 
cell lines, which grow rapidly and are 
readily available and well studied, 
Harris and Iyer’s team researched 
the types of small molecules known 
to help neurons and muscle cells 
mature. Then, mimicking the natural 
process of cell communication, 
the scientists added a mix of these 
molecules (known as a culture 
medium) hoping the immature cells 
would further mature and form an 
NMJ. But the process wasn’t entirely 
straightforward. For instance, adding 
muscle cells to a neuron culture did 
not work at all.

“We knew that muscle cells need 
glucose and appropriate levels of 
serum,” says Los Alamos biologist 
Sofiya Micheva-Viteva. (Serum is 
a biochemical mixture of growth 
factors and proteins.) “But the serum 
made the neurons divide more, 
instead of completing their differen-
tiation and maturing.” 

“Thus began a lot of trial-
and-error work to determine how 
to co-culture neurons and muscles,” 
says Iyer. This involved iterating 
to find the best culture medium 
for each type of cell, as well as the 
timing of how long the cells should 
grow separately before being put 
together to mature into an NMJ. 
The painstaking work paid off, and 
the Los Alamos team identified an 
optimal seven-day process to create a 
functioning mouse NMJ.

To grow a human NMJ, the team 
used a similar media-based approach 
to mature induced pluripotent 
stem cells (IPSCs) into neurons and 
muscle cells. IPSCs are derived from 
adult human cells, but are similar to 
embryonic stem cells in that they are 
not differentiated and—based on the 
signals they receive—can be coerced 
into becoming whatever type of cell 
is needed for a study. 

“We discovered that it is an 
amazingly complex process to form a 

The neuromuscular junction (foreground) is where a motor neuron 
cell (purple) communicates with a muscle cell (peach). In a normally 
functioning junction, an electrical impulse in the neuron and an 
influx of calcium trigger the release of a chemical messenger called 
acetylcholine (white spheres). Acetylcholine molecules enter the 
junction between the neuron and muscle and bind to receptors 
(blue) on the outside of the muscle cell. This initiates a cascade of 
cellular events that cause the muscle fibers to contract. 
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“If we could just turn on the right genes at the 
right time to make an NMJ quickly, then we could 
test and study lots of things,” says Harris.

Genetic scissors 
In 2020, two scientists received the Nobel 

Prize in Chemistry for their pioneering work 
on a technology known as CRISPR-Cas9. This 
technology—metaphorically referred to as genetic 
scissors—uses an enzyme to cut and edit genes to 
activate certain functions within organisms. Since 
about 2014, scientists have been exploring the use 
of CRISPR systems in a wide range of research 

endeavors from agriculture to gene therapy. 
“So, we asked ourselves,” says Iyer, “can we use CRISPR to turn 

on a gene instead of a signaling molecule?” Through Laboratory-
directed funding, Iyer and Micheva-Viteva joined Lab biologist 
Scott Twary and others in 2018 to investigate using CRISPR, 
instead of culture media, to initiate the maturation of IPSCs. 

The benefits of CRISPR are many. Twary explains that when 
using culture media to mature cells, there could be variation in 
their responsiveness. Using CRISPR, all cells of a particular type 
would receive the same instructions to mature, thus ensuring a 
uniform response and a more homogenous population. Hopefully, 
it would also speed up the process in a reliable way.

“To differentiate motor neurons, I know it will take 28 days, 
four types of culture medium, and seven different small molecules 

to activate and inhibit 
specific pathways,” 
explains research 
technologist Emilia 
Solomon. Expecting 
CRISPR could streamline 

the process, the team began to systematically compare the 
two growth strategies: media versus CRISPR. Using known 
regulatory proteins as targets for CRIPSR gene editing, the 
scientists prompted the motor neurons and muscle cells to mature 
separately and studied them at each step of development using 
transcriptomics to determine which genes were actually active.

One regulatory protein in particular, called MYOD1, is 
known to be key to muscle cell development. Using CRISPR, the 
Los Alamos scientists inserted a modified version of MYOD1 that 
could be controlled by an additional chemical. 

“Normally a whole series of genes is activated to mature 
a muscle cell, but we can skip some of the steps by activating 
MYOD1,” says Laboratory postdoctoral researcher Joseph 
Sanchez. Sanchez explains that controlled activation of MYOD1 
caused the cells to differentiate into muscle in half the time: the 
cells showed signs of maturation at day 12 that were similar to 

Fluorescent staining confirms the formation of neuromuscular 
junctions in mouse cells. Here, the Los Alamos team observed the 
presence of acetylcholine molecules (pink), indicating the muscle 
cells (green) and neurons (red) were beginning to interact by 
establishing neuromuscular junctions. Staining of cell nuclei (blue) 
confirms that muscle and neuron cells are mature.

human NMJ,” says Harris. “So a big part of 
our project has been to elucidate the signals 
that are responsible for development.”

Elucidating the signals meant taking 
a deeper look into the specific genes 
being activated by the small-molecule 
messages. When a developing muscle cell 
receives a signal from its neighbors to 
begin growth, genes in its nuclear DNA 
“turn on” by sending RNA transcripts 
out into the cell to make enzymes, 
regulatory proteins, etc. Studying these 
the transcripts—a field called transcrip-
tomics—can reveal which genes are 

active at a specific point in development. 
By doing transcriptomic analysis of their 
cultures, the Lab team sought to connect 
the dots to understand which small-molecule 
signals might be responsible for turning 
on which genes. 

The human NMJ worked, but it took 
over a month to mature using culture 
media. The scientists could visually 
observe the muscle cells and neurons 
growing close together and could confirm 
the presence of some ACH molecules 
through staining, which meant the cells 
were demonstrating some functionality. 
However, the team continued to research 
ways to do better.
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those at day 28 for media-activated cells. The CRISPR approach, 
however, was not as advantageous with neurons, and the team is 
still evaluating its overall effectiveness.

“The neurons did not mature as fast and they didn’t last,” 
explains biologist Katie Davis-Anderson. “We were able to speed 
up the process to detect some neuron function but the activity 
ended quickly. We 
are still learning how 
to modify these cells 
but also recognizing 
that forced maturity 
might not last.”

Part of this continued learning has been to co-culture the 
neurons and muscle cells for longer periods of time (after first 
differentiating separately) to capitalize on their natural cell 
signaling. However, Twary warns that it is not yet clear if there 
are consequences to skipping some of the developmental steps. 
He explains that an important part of the CRISPR project is to 
identify and clarify if there are any secondary effects to using 
CRISPR that the scientific community should be aware of. 

Rapid results
Although the use of CRISPR to facilitate NMJ growth is still 

being considered, other members of the NMJ team have made 
significant progress with a separate project to use their optimized, 
media-matured mouse cells to develop a drug screening platform. 
The platform would allow scientists to quickly determine whether 
a potential drug is working by directly detecting NMJ function in 
lab-grown cells instead of using live mice. 

When muscle cells mature, they can sometimes spontaneously 
twitch. When cultured with motor neurons, the scientists must 
be able to distinguish between those spontaneous twitches and 
any movements initiated by a neuron through an NMJ. In some 
in vitro models, scientists have used a so-called “patch clamp” to 
attach wires to a neuron to measure its electrical potential, thus 
confirming the neuron as the cause of muscle twitching; however, 
the Los Alamos team wanted something better.

“The patch clamp is invasive. It only measures one cell at a 
time, it’s time consuming, and its use requires lots of training,” 
says Solomon. “And it destroys the cell.” To avoid the patch clamp 
method, Solomon explains that the Los Alamos team developed a 
unique approach using genetic modification and a commercially 
available multi-electrode array (MEA) system. 

Building on their successful method of growing functional 
mouse NMJs, the Los Alamos scientists genetically modified 
both types of cells to enhance their use in a screening platform. 
First, they modified the neurons with a light-activated protein so 
that the neurons could be stimulated on command. Second, they 
modified the skeletal muscle cells with a heart protein that would 
help amplify the electrical signal once the muscle is activated by 
the neuron. Finally, they grew the NMJs in the wells of an MEA 
system so that the electrodes underneath the cells could record 
the twitching of the entire muscle population. 

With this system, scientists could study potential drugs by 
measuring the strength of the MEA signal. For instance, the 
scientists could artificially compromise the NMJ cells and then 
measure the effectiveness of various drugs by looking for an 
increased electrical signal (the NMJ regained function) or a 
diminished signal (the drug didn’t work). The system also has the 
potential to work using cells from an actual patient. 

“This is one of our biggest achievements towards a 
high-throughput screening tool,” says Micheva-Viteva. “We 
can start with stem cells, grow them in one well using the same 
media, and use the multi-electrode array to measure NMJ 
activity.” Furthermore, if all of this can be done in just one well, 
then by multiplexing in a 96-well plate, the system lays the 
foundation for high-throughput screening of many potential 
drugs at once.

“Using our quickly growing mouse 
neuromuscular junctions, we could screen 
hundreds to thousands of compounds against 
a poison or disease and narrow down the 
best candidates,” explains Harris. “Then you 
can take the best ones and try them in the 
more complex human NMJ system.”

The Los Alamos NMJ team is currently 
optimizing this platform for newly 
funded toxicity studies as well, including 
one to detect botulinum toxin in food, 
which normally involves sacrificing 
hundreds of mice.

This image of human neuromuscular junctions shows muscle 
cells (green), neurons (red), and the nuclei (blue) for both cell 
types. The two cell types were grown together for the final 
steps of differentiation, which took approximately 16 days.
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more toxin DETECTION 
at l os a l a mos
https://discover.lanl.gov/publications/1663/1663-archive

• Detecting pesticides with NMR
“Security through Signatures” | February 2019

• Microfluidics enable artificial organs
“Liquid Logic” | May 2017

• Engineering lung tissue for toxicity studies
 “Nanotoxicity” | March 2013

understanding the unique conditions required for neuron growth 
could help scientists advance regenerative medicine to repair 
damaged or diseased tissues. Also, laboratories that specialize 
in personalized medicine could employ these growth protocols 
to culture a patient’s own cells for further study. Finally, new 

poisons or diseases could 
be quickly evaluated using 
improved cell-culture 
strategies. The advances 
made at the Lab set the stage 
for all of these possibilities.

“We want a model that is at the ready for any emerging need 
related to neuromuscular junctions,” says Iyer. And, by the look of 
things, that’s exactly what they’ve got. 

—Rebecca McDonald

(Left) The Los Alamos team developed a unique approach to quickly 
measure if a potential drug is working by directly detecting neuromuscular 
function in lab-grown mouse cells using genetic modification and 
a commercially available multi-electrode array (MEA) system. The 
neuromuscular junction cells are modified to respond to light and then 
grown in the wells of the MEA culture dish so their movement can be 
detected. (Above) Motor neurons are growing in the wells on top of 
electrodes (black lines) for detection. 

A full dance card
The high-throughput screening platform 

has the potential to profoundly improve 
drug development by speeding up the 
testing process. However, the Los Alamos 

NMJ team is also working to develop 
additional physiologically relevant models 
that could be useful for basic research. 

Solomon explains that cultured mouse 
NMJs don’t last very long: generally, only 
a few weeks. After a while, the twitching 
muscle cells begin to pull away from the 
surface where they are growing. So, while 
a 2D NMJ might be revolutionary for 
rapidly screening thousands of drugs in 
a short time-frame, it does not precisely 
mimic the 3D conditions within a living 
organism for in-depth study. With this in 
mind, the team members are also creating 
a 3D model in which neurons and muscle 
cells grow in separate, spherical gel-like 
chambers with channels that allow the 
cells to communicate and eventually meet 
to form junctions. 

This suite of reliable protocols for 
growing neurons, muscles, and even 2D 
or 3D NMJs has wide-reaching benefits 
beyond Los Alamos. For instance, 
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LASTlOOK

In the year 1900, the deadliest natural disaster in U.S. history occurred in Galveston, 
Texas, in the form of a hurricane. Thousands of people died and the city was nearly 
destroyed. The survivors not only stayed to rebuild, but they raised the city 17 feet and 
constructed a 10-mile-long seawall along the shorefront to keep future floodwaters 
out. Fortification against extreme weather has evolved over the past 120 years. To 
learn about how modern science can inform protection and mitigation strategies, see 
“Fortifying for Extreme Weather” on page 8. 
CREDIT: Photo 1905, courtesy of the U.S. National Archives and Records Administration. Postcard circa 1930, 
courtesy of The Tichnor Brothers Collection, Boston Public Library.
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New Mexico’s Bosque del Apache National Wildlife Refuge, established by President Franklin D. Roosevelt in 1939, is the winter home to thousands of migratory water birds like snow 
geese and sandhill cranes. Between November and January, dawn brings a daily mass ascension of birds who will spend the day feeding throughout the middle Rio Grande Valley.


	1663 Los Alamos Science and Technology Magazine |  2022
	Table of contents
	The Freshening Gyre 
	Ground Delivery Goes Green
	Getting a Grip  on Wildfire
	Fortifying for Extreme Weather
	Powering the Intermountain West
	A Nuclear Hunter-killer for Pathogens
	A Neutron  in a Haystack 
	Recreating the Miracle of Motion

