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CORUS: cryo nano bio-imaging
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30 nm focus: spatial resolution < cell organelle size
Cryogenic capabilities & multiple sample loading:
increase throughput

3D cryo-nanoXRF: endo/exogenous elements (ppm)
in whole cells, tissue sections

3D phase-contrast (holotomography &
ptychography) in organoids, tissue samples

Energies:

10 keV = low Z (endogenous) elements

20 keV - Ptychography (due to flux) and holotomo

27 keV = high transmission and interesting
exogenous elements

= 50-100 nm focus : spatial resolution < cell organelle size
=  Cryogenic capabilities

* nanoXANES (4 to 25.5 keV, depending on the optics) = chemical state of elements in whole cells, organoids, tissue sections




nanoXANES: Hard X-ray Fluorescence (XRF): Phase Contrast Imaging,
biological controlled mineralization ___Chemical imaging in neurons holotomography:

RESEARCH ARTICLE ‘D‘wﬁgE - 4
— % eLife Nervous system structure

Periplasmic Bacterial Biomi lizati f C Sulfid H
D e ominerdlization o opper Suhde Correlating STED and synchrotron XRF mapping

Nanoparticles
Yeseul Park, Zohar Eyal, Péter Pekker, Daniel M. Chevrier, Christopher T. Lefévre, nano-lmaglng unvells Coseg reg_atlo-n Of
Paseal Armousx, Jean Armengaud, Caroline L. Monteil, Assaf Gal, Mikdly Pésfai, metals and Cytoskeleton protelns n nature . TECHNICAL REPORT
and Damien Faivre™ d en drit es neuroscience hitps://doiorg/10.1038/541593-020-0704-9
First published: 17 ALgist 2022 | hilpsif/doi.org/10.1002/advs 202203444
Florelle Domart"2?, Peter Cloetens", Stéphane Roudeau'?, Asuncion Carmona'”, Dense neuronal reconstruction through X-ray
Emeline Verdier®, Daniel Choquet®**, Richard Ortega’>t* .
Dec 8, 2020 - hitps://doi org/10.7554/eLife 62334 holographic nano-tomography

= b 3 Aaron T. Kuan©'%, Jasper S. Phelps ©'%%, Logan A. Thomas', Tri M. Nguyen ©', Julie Han®",
ample Processin itimadal Imagin arrelative Imagin:
. ’ et 22, Chiao-Lin Chen?, Anthony W. Azevedo ©*, John C. Tuthill ©4, Jan Funke ©°, Peter Cloetens ©¢,

S — R Pl (“"'":mn Alexandra Pacureanu®'*= and Wei-Chung Allen Lee ®7
1 (tubulin) +
o 14 September 2020  https://doi.org/10.1038/541593-020-0704-9

STED labeling [SiR)

LIPS

Coordinates (xy)
of live cell STED

[ - SXRF (hars sulfur) Confocal {actin) & SXRF (5
Flunge freezing and K LT L i
froaze drying dotector owbmbres i /

Calculate new
coordinatos (x'y')
for PCI & XRF

‘Resobuson (nm)
.28388

n
2 TubulinSTED
o
]
B a
3 03 % P
7 —— T T e e >
L B 0003 0728 0002 0027 2
E _ ~ Distance (pm)
o ] s i Tznk
—a S atoms/na? 2975120
_— cun Cut { |
—W-1 dngle ol =TT e 00 | Zn gloms/nm® 0.09£0.01
o 2 N - - - . . - - . . . N % iy
BOSD  BSTO B3A) MSE0 SO0 9010 GC20 B30 S0MD S0SD BTS  BGAO  BGRS  A8E0  AGSS 3000 8008 600 12 ” ¥ sfzn 43511
Encrgy (oV) _‘ }.. Tubulin-adfZn 08102
= _—]
3 0.0cz 0.052



Correlation with other imaging technigues

* CORRELATION:

e With infrastructure already at ALBA:

MIRAS (UV), FAXTOR (uCT), MISTRAL (cryoSXT), Visible Light Microscopy
(3D-cryoSIM)

* With other resources:
CryoET, cryoFIB-SEM, Visible light microscopy (cryoconfocal, live imaging)

 very important especially for XRF since it lacks for sensitivity for low
Z elements (biological structures).



XRF and cryoSXT: Intracellular metal tracking ID16A, ESRF
MISTRAL, ALBA
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ID16A, ESRF
XRF and cryoSXT: Intracellular metal tracking MISTRAL, ALBA

VLM of a silicon
nitride window
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Summary

Unique (to the best of our knowledge):

- High flexibility energy selection (XRF endo/exogenous elements, transmission)
- Exploiting coherence of the new source at ALBA-II

- Multimodal cryo X-ray imaging (complementarity of both endstations)

- Multiple sample loading and exchange (user friendly, increase throughput)

- Cryogenic conditions, including XANES

- Correlation with other methods (including implemented facilties at ALBA)

- Oversubscription in EU related beamlines

Challenges

- Tight temperature control for nano focusing

- Data analysis developments at ALBA to optimize processing pipelines
- Beam stability for XANES at nanoSpec
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