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The future of life sciences at synchrotrons

Which science?
role?
means?
strategy?
alliances?



in short, which are the current trends in Life Sciences in
synchrotron sources

In life sciences, fourth-generation synchrotrons (e.g., EBS upgrades) are driving four
major trends:

» Time-Resolved Dynamic Structural Biology: Moving from static to dynamic
imaging, techniques like high-throughput serial crystallography capture molecular
structural changes and enzyme interactions at sub-nanosecond
timescales. & Taylor & Francis Online

» 3D Multiscale Cellular Diagnostics: Utilizing X-ray phase-contrast tomography
(XPCT) and soft X-ray tomography to non-destructively map thick, complex tissue
systems—like brain or lung organoids—in full 3D context without structural
manipulation. @) nature +1

» High-Throughput Drug Discovery: Upgraded beamlines provide highly automated
platforms for micro-crystals, yielding massive data outputs for Al-driven drug
design and localized pharmaceutical targeting. = ALBA Synchrotron +2

» Multi-Modal Hybrid Pipelines: Integrating synchrotron X-rays with complementary
structural methods, such as Cryo-EM workflows and FTIR spectroscopy, to map both
atomic structures and chemical fingerprints inside native cells. = aLBa synchrotron +1

Would you like to focus on a specific technique like serial crystallography or the
imaging of organoids?



are there any other trends

Yes, several other major trends are redefining how synchrotron light sources are used in
the life sciences: o' MDPI +1

» In-Operando & 4D Biomechanical Stress Testing: Researchers are shifting from
static tissue scanning to time-lapsed, 4D imaging (3D space + time). Using micro-CT
beamlines, specialized setups apply dynamic physical loads to live bone, cartilage, or
vascular tissue to monitor microscopic damage and cell deformation in real
time. E ScienceDirect.com

» High-Containment BSL-2 and BSL-3 Beamlines: Synchrotrons are increasingly
building reversible Biosafety Level (BSL) platforms. Advanced facilities (like SIRIUS in
Brazil) now allow live imaging of pathogenic viruses, human-derived clinical samples,
and infectious biological vectors safely inside localized biocontainment zones without

exposing the rest of the facility. & ucr Journals +1

» Environmental Nanotoxicology Tracking: X-ray absorption spectroscopy (XAS) and
X-ray fluorescence (XRF) microscopy are being combined to map how microplastics,
heavy metals, and therapeutic nanoparticles interact with cellular environments. This
tracks exactly how chemical contaminants oxidize, transform, or leach out within
complex bioclogical matrices. ¢ cell Press +1

» Virtual Micro-Dissections of Historical Bio-Specimens: High-resolution X-ray
nanotomography is being utilized for non-destructive “virtual dissections™ of highly
delicate, rare biological specimens from zooarchaeology, paleontology, and museum
collections. This allows scientists to map internal anatomical details in full 3D without

physically compromising the integrity of irreplaceable samples. % 1ucr Journals +1



Do better. Is there anything else really new, that might have an
impact over society?

Beyond academic research, several paradigm-shifting trends at fourth-generation
synchrotrons are moving into application stages that will directly reshape medicine,
computing, and society over the next decade:

» Google Maps for the Human Brain (Global Connectomics): Consortia like
SYNAPSE are using ultra-fast X-ray tomography to generate the first complete sub-
cellular wiring diagrams of entire mammalian and human brains. This direct cellular
mapping is paving the way for treating neurodegenerative diseases like Alzheimer's
and is providing the biological blueprint for building next-generation neuromorphic
(brain-like) Al hardware. {3 synchrotron for Neuros... +1

» Ultra-Targeted Cancer Microbeam Therapy: Moving beyond diagnosis,
synchrotrons are developing Microbeam Radiation Therapy (MRT). By using razor-
thin, highly parallel X-ray beams spaced micrometers apart, this technique
obliterates deep-seated tumors with extreme precision while leaving surrounding
healthy tissues completely unharmed. o' Mo

+ True Bio-Digital Twins for Personalized Medicine: Advanced imaging of complex
organoids—miniature human organs grown from a patient’s own stem cells—is
allowing researchers to create exact physical-to-digital replicas. This enables doctors
to test thousands of drug combinations on a patient's exact cell structure at a
synchrotron beamline before a single pill is ever prescribed, shifting healthcare from
generalized treatments to true personalized medicine.

Would you like to explore how Connectomics is changing Al design, or look into the
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Do you think that asking that to the user community of a
synchrotorn facility would be useful to figure out where Life ...

Yes, querying the user community is highly valuable, but only if you separate their
feedback into two distinct categories: incremental improvements (what they need
right now) and scientific breakthroughs (where the field should go).

Synchrotron user communities are unique because they are cross-disciplinary—
comprising biologists, physicists, software engineers, and medical doctors. However,
because beamtime is highly competitive, users often focus heavily on their immediate,
short-term research roadblocks.

To effectively use community feedback to shape the future of Life Sciences at a facility,
you must balance their input against the broader scientific landscape:

‘« Where User Community Input is Crucial

« Identifying Operational Bottlenecks: Users know exactly where the friction is. They
can tell you if a beamline needs better automated sample changers, faster
microfluidic systems, or standard BSL biocontainment to make their workflows
viable.

+ Data and Al Infrastructure: The explosion of detector speeds means users are
drowning in data. The community can pinpoint exactly what automated data-
reduction pipelines, remote computing resources, and Al tools they need to process
their experiments in real time.

+ Sample Environment Realism: Users can push facilities to develop specialized
sample chambers (e.g., in-situ microfluidics, precision temperature/shear stress
controls) that mimic the human body more accurately than static setups.



I. Where User Community Input Has Limitations

The “Faster Horses" Trap: If you only ask current users what they want, they will
often ask for faster versions of existing techniques (e.g., “more beamtime for
standard crystallography") rather than demanding entirely new, risky experimental
methods.

Missing New Communities: Current users represent today's paradigms. They may
not reflect clinical medical doctors, environmental scientists, or neuromorphic Al
engineers who could use the synchrotron but currently find the barrier to entry too
high. e \
Long-Term Infrastructure Bets: Building a new beamlin kﬁ‘?o 10 years. Active
users are often focused on their current grant cy $:ars and may not

accurately predict what the global sci ‘ scape will require a decade from
o¥
@ How %re the Query for Maximum Impact

Inste@sking a broad question like “"What should we build next?", structure your
community engagement around capabilities and impact:

“What biological questions can you not answer with our current setup?”
(Focuses on the scientific bottleneck, not the machine constraint).

“If data collection took 1 second instead of 1 hour, how would your research
paradigm change?" (Forces them to think about high-throughput or time-resolved
breakthroughs).

“What complementary laboratory techniques (e.g., Cryo-EM, Mass
Spectrometry) must be physically next to the beamline to supercharge your
workflow?" (Helps design holistic research hubs).
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