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User Facilities at the National Labs
• One of the primary missions of the National Labs is to provide large
scale user facilities that are beyond the reach of individual
institutions
• Principal among these are the 5 light sources, the 2 neutron
sources and the 5 nanocenters. DOE-BES stewards these facilities
for the Nation

• Each provides world-leading characterization facilities that are free
to use through a transparent, peer-reviewed proposal process
• Our scientists are leaders in their fields and are there to help you
answer your science questions

• In structural biology, synchrotrons in particular have revolutionized
the field and continue to push state-of-the-art with diffraction and
imaging capabilities of extraordinary sensitivity and resolution

2

NSLS-II: The Nation’s brightest
synchrotron
28 “beamlines” for
experiments from
scattering, to imaging
to spectroscopy

• State-of-the-art beamlines in structural biology and imaging:
Protein crystallography
Solution scattering
Spectroscopic imaging
• Growing emphasis on “multi-modal” i.e. combining more than one
technique to obtain a more complete picture of a given biological
problem
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Biological “Imaging” at NSLS-II

atomic resolution structures
MX

Complexes
MX, S/WAXS
cryoEM

4

cellular context and function
Imaging

Multi-modal, multi-length scale
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Ultra bright beams enable new methods:
Serial crystallography
Jets of micro-crystals

Raster data collection

1 µm step raster scans. Total shutter open
time for dataset = 18 s

These new approaches greatly ease the need to
grow large crystals – perhaps the biggest
bottleneck in structure determination.
Automation and machine learning enable rapid
data collection and analysis, providing a robust
workflow
See also Andrezj Joachimiak’s presentation
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Protein structure determination from
microcrystals
• Used 5 keV x-rays to allow native
SAD phasing from micro-crystals

• Automated data collection from
~1,400 microcrystals on polyimide
wellmounts,
• Led to a merged dataset for
structural solution of Thaumatin at
2.6 A
Guo et al. IUCr J. 6, Part 4, July 2019.
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Ultra-bright x-rays enable room temperature data:
Dynamics
Removing the need to cryo-cool allows study of proteins in closer to their
natural state. Biologically significant structural differences revealed in a data
set from room temperature crystals
Two states of the protein structure

Key Drug Target (GPCR) Shown Assembling in Real-Time
Scientific Achievement
Scientists revealed the timeline of how
different parts of a G-protein coupled
receptor (GPCR) interacts with its signaling
partners.

Significance and Impact
Over one-third of all FDA-approved drugs
act on GPCRs; therefore the findings
provide insight into the fundamental
mechanisms of how therapeutics influence
signaling in cells.
The image shows the GPCR in green and a heterotrimeric G
protein subunit in yellow and grey. The study showed the
temporal changes in the GPCR and G protein upon forming
the previously unobserved, productive signaling complex.

Y. Du, et al. Cell 117:5 1232-1242 (2019).

Research Details

• X-ray “footprinting” carried out at NSLS-II on a
beamline built and operated in partnership
with Case Western Reserve.
• Timescales of ms to minutes

X-ray microscopes
NSLS-II has a range of x-ray imaging beamlines with different resolutions
and fields of view to match to the problem at hand
Nanoprobe: Smallest spot in working x-ray microscope in the world
(~ 10 nm x 10 nm)!

T drift is < mk/hr
X drift is < 2nm/hr

E. Nazaretski, N. Bouet, H. Yan, Y. S. Chu, et al.

Instrument is mounted on heavy granite, in a
180 ton concrete structure that is vibrationally
isolated from the rest of the building
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A Nanomaterial’s Journey through a Tomato Plant
Scientific Achievement
Scientists revealed how a
manufactured nanomaterial (MNM)
based on Ce travels through a tomato
plant on a subcellular level.

Significance and Impact

This 60 nm resolution x-ray fluorescence image. The
brighter areas show the highest concentration of Ce
within the apoplast and within endosomes.
J. Li, R. V. Tappero, A. S. Acerbo, H. Yan, Y. Chu, G. V. Lowry, J.
M. Unrine. Environ. Sci.: Nano 6, 273 (2019).

This study will enhance our ability to
predict how properties of MNM such
as CeO2 – used in rechargeable
batteries – influence the uptake,
transformation, and transfer of
nanomaterials in terrestrial food
webs.

New Tags enable 3D nanoscale X-ray imaging
GFP in cells

• GFP and YFP are ubiquitous for imaging
individual proteins within cells and tissues
with fluorescence microscopy

10 µm

• Limitations to GFP tags:
•

large size: limits protein transport

•

use of visible light imaging can limits the
spatial resolution of the technique

gold nanoparticle
fiducials

100 nm

protein
expression

Lanthanide-Binding Tags (LBTs)

Eu-tagged OmpA
membrane
protein (shell)

Er and Zn distribution

• Analogous application for nanoscale X-ray
fluorescence microscopy

• LBTs are small peptides and easily fused to
proteins and transported
• X-ray fluorescence microscopy improves the
spatial resolution to ~10 nm in 3D
500 nm
Lisa Miller (BNL), Karen Allen (Boston Univ), Barbara Imperiali (MIT)

HXN beamline at NSLS-II (3-ID)
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Spectroscopic imaging from nm to mm
Arsenic uptake in leaves

Ca Fe Ni

Kopittke et al., 2018. Plant
Physiology
(DOI:
10.1104/pp.18.00759).

Not just elemental sensitivity, but also
spectroscopic (chemical) information
with unprecedented resolution and
sensitivity

Cryo-EM
Recent revolution in structural biology allowing
near-atomic resolution images of large protein
complexes without the need for crystallization.

Anaesthetic-binding sites in the GABAA receptor
Nature volume 565, pages516–520 (2019)

These tools are now available at light sources including NSLS-II. Next steps are to
combine with x-ray data such as SAXS to speed analysis and with MX of individual
proteins to increase accuracy of models
See Wah Chiu’s presentation

Combining x-ray tomography with electron
tomography
X-ray tomography

Roth et al., The Plant Cell, Vol. 31: 579–601, 2019

Understanding photosynthesis in algae

Electron tomography + MX

Kovtun et al. Nature,561, 561, 2018

Structure of protein coating in transport vesicles

See Carolyn Larabell’s presentation

Summary
• New x-ray sources, such as NSLS-II are pushing the
boundaries of what is possible. Upgrades at other sources
(APS, ALS) promise further increases
• Imaging and spectroscopy is now available over the
complete range of biologically relevant length scales from
Angstrom to mm
• Multi-modal studies and the application of complementary
x-ray and electron techniques promises new insights in
structural biology
• Study of dynamics in a range of contexts is becoming
available
• Next deadline for proposals at NSLS-II is Jan 31st 2020.
Come and use us!

