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The aorta is the largest artery in the body, and it is composed of three layers: intima, media, and
externa/adventitia. The media is mostly composed of collagen and elastin, and collagen is the
dominant contributor to the strength and structural stability of the aorta. Aortic diseases such as
aneurysms and dissections lead to distortion of the aortic wall. We aim to demonstrate local
aortic tissue biodynamics via collagen and elastin fiber remodeling in murine aorta at varying
distension using micro-computed tomography (microCT). Ten week-old C57BL/6 mice were
injected via tail vein with in-vivo collagen hybridizing peptide, which reforms the triple-helix
structure of denatured collagen. Careful dissection and removal of the thoraco-abdominal aorta
was performed, which was pressurized with formalin at varying distensions. Samples were then
prepared via heavy-metal staining, and fixed in epoxy resin. The samples were imaged at the
microCT scanner at University of Chicago and beamline 2-BM-B at the Advanced Photon
Source to obtain micron and sub-micron resolution images and thus provide multi-level views of
the tissue. Clear visualization of distinct collagen and elastin layers was observed with microCT
and illustrate the effect on individual collagen and elastin fiber organization created by over-
distension and shear-stress on the aorta. Models were created for local regions of the aorta via
segmentation, smoothing, and meshing, and these models served as inputs for finite element
analysis. Stress-strain relationships were extracted from simulations where velocity-based forces
in either the circumferential or longitudinal direction were applied. We ultimately aim to produce
a multi-scale imaging model of aortic failure with our methods.

This research used resources of the Advanced Photon Source, a U.S. Department of Energy
(DOE) Office of Science user facility operated for the DOE Office of Science by Argonne
National Laboratory under Contract No. DE-AC02-06CH11357.
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Background and Project Aim Results: MicroCT Images of Murine Aortas from 2-BM

* The aorta is the largest artery in the body composed of 3 layers: intima, media, and
adventitia
¢ The media is mostly composed of collagen and elastin
* Collagen is dominant contributor to aortic strength and stability
e Aortic aneurysm: 9t leading cause of death in U.S., leading to 10,000 deaths annually
* Pathogenesis of aneurysmal disease is dependent on collagen and elastin turnover
* Aneurysm rupture results from mechanical failure: peak wall stress exceeds local tissue
strength
* Exemplified in Marfan’s syndrome; markedly altered collagen architecture leads to E = X : 5%
incoherent mechanical network Localized view of aorta: Sub-micron level CT images demonstrating elastin layer of aortic wall, in order of Addition of CHP confirms presence of
* Current practice: aortic segmentation from computed tomography (CT) imaging undergoes increasing distension from left to right collagen in between elastin layers
finite element analysis (FEA) to test real-world stresses
* This method lacks the ability to study local aortic responses to the same stresses
*  We aim to develop a model of collagen and elastin behavior in murine aorta at different
geometric points by utilizing high resolution micro-CT imaging, and segmenting these
individual layers throughout the entire aorta
* This will allow us to study how the aorta deforms to blood pressure the local level

*-1-1-9-

* Aortas from 10-wk old C57/BL6 mice were dissected out and pressurized with formalin to
varying distensions. These samples were prepared via extensive heavy-metal staining process
and fixed in epoxy resin.

* Some samples were injected with in vivo collagen-hybridizing peptide (CHP) via tail
vein

¢ Sub-micron imaging was obtained at the 2-BM-B beamline (Advanced Photon Source,
Argonne National Laboratory), providing fiber-localized imaging of the same samples.

Results: FEA Simula
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Representative images at the end of the simulations
depicting the von Mises stress in each aortic wall
section. Shown is the system where collagen is 100X
stiffer than elastin subjected to longitudinal
pressurization.
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Representative images of area samples
selected for stress-strain analysis (red).
Shown is Section 1 where collagen is 100X

- stiffer than elastin subjected to longitudinal
ressurization. .. .
P Preliminary Conclusions and Next Steps

* Initial development of heterogeneous murine aortic model based on microCT imaging at fiber-

Resul oung's Modu|u5’ E localized levels but further validation and tests are needed

For 1X systems, the expected Young’s modulus is 6 Mpa given the inputs but our results show

strin strin

Section | E, Circ Max (MPa) | E, Long Max (MPa) E values 7 times greater than expected. This may be due to the geometry of each section but
100X 100X further investigation is needed. )
1 e 96 957 16 ¢ ltisalso unclear why some of the strains are very low
¢ Results show that as the stiffness of the collagen increases (1X to 100X), the pressure gradient is
2 44 129 42 272 well-distributed along the length of the elastin fibers
¢ Segmentation (Simpleware ScanlP, Synopsys) of elastin (light green) from microCT images was 3 43 234 42 157 * This novel method will allow for development of complex aortic fracture model to study aortic
performed and interstitial regions defined as collagen (dark green) 4 48 283 42 254 pathologies
¢ The segmentation was smoothed and meshed and contained over 12 million elements 5 47 123 0 176 * In general, the maximum stresses due to circumferential loading is the dominant force
* The aorta ring was divided into 8 sections containing 1-2 millions for FEA (Abaqus, Dassault * The stresses are more pronounced when the material properties between collagen and elastin are
Systemes) and used material properties from the literature (Pocivavsek & Milner JVS 2020): 6 45 406 39 187 different (100X has greater stresses than 1X) thereby providing evidence that local structure is
* Density: 1.12 x 10" kg/mm3; elastin: C10=0.001, D1=50; collagen (1X): C10=0.001, D1=50; 7 43 176 42 115 important in aortic biomechanics
and collagen (100X): C10=0.1, D1=0.5 8 44 147 40 251 *  Future experiments include using FBN1 (Marfan’s phenotype) mice to compare diseased aortas
* To study tissue response to uniaxial pressurization, the sections were subjected to average 44 220 73% 203 against this healthy murine mice data
velocity-based circumferential (red arrows) and longitudinal loading (white arrows) variance | 0.003 9 81 29
« Stress (o)-strain (€) analysis on representative areas in each section to determine the % variance/average | 0.01% 2.30% 11.07% 1.44% Acknowledgements

, : y .
Young’s modulus, E, from linear fits of the stress-strain curves. This research used resources of the Advanced Photon Source, a U.S. Department of Energy (DOE) Office of Science user
o=Ee facility operated for the DOE Office of Science by Argonne National Laboratory under Contract No. DE-AC02-06CH11357.
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All multicellular organisms are comprised of cells and extracellular components that possess
theoretically quantifiable, three-dimensional features (size, shape, volume, texture) and
relationships (density, arrangements, proportions) organized into tissues, organs, and organ
systems. Physiological and disease states are marked by physical change on the micron scale that
in turn requires submicron pixel resolutions. To digitally define the geometry of life, we need to
be able to image all cell types, analogous to what is done in histology, over fields-of-view (FOV)
of millimeters to centimeters to obtain organ context. To achieve this, we have pursued
centimeter scale 3-dimensional imaging at isotropic submicron voxel resolutions.

We have developed large-field, high resolution instrumentation in conjunction with fixation and
metal-staining approaches over a decade of collaboration with biologists, x-ray physicists, and
engineers, yielding a tissue tomography that we call histotomography [1]. Since we need FOV
larger than the less than 2 mm provided by traditional microscope lenses, we prototyped
centimeter scale field-of-view lenses paired with large chip array digital cameras to yield
submicron pixel resolution over 5 to 12 mm [2]). This instrumentation will increase our
understanding of the diversity of life, biological and gene function, development, and disease [3]
and be applicable to more powerful toxicology, and biomedical diagnostics. We will discuss
scientific gaps that remain, potential directions, and review in particular the role of synchrotron
tomographic beamlines in creating the infrastructure for community-based characterization of the
geometry of life and disease, and development of the field of computational phenomics.

We thank Steve Yuxin Wang for large-field, high-resolution imaging system design and
prototyping, and Francesco DeCarlo, Xianghui Xiao, Alan Kastergren, and Dula Parkinson for
guidance in planning the role of the DOE in computational phenomics.

[1] Ding VY, et al., La Riviere PJ, and Cheng KC. Computational 3D histological phenotyping of
whole zebrafish by x-ray histotomography. eLife. 2019 May 7;8:e44898.

[2] Yakovlev MA, et al., La Riviere PJ, and Cheng KC (2022) A wide-field micro-computed
tomography detector: micron resolution at half-centimetre scale. Journal of Synchrotron
Radiation, 29(Pt 2), 505-514. https://doi.org/10.1107/S160057752101287X. PMID: 35254315.
[3] Cheng KC et al. (2022) Promoting validation and cross-phylogenetic integration in model
organism research. Dis Model Mech. Sep 1;15(9): dmm049600. doi: 10.1242/dmm.049600. Epub
2022 Sep 20. PMID: 36125045.
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Abstract

Towards the goal of collaborative global illumination of phenotype caused by
change in genes, environment, and disease, we are targeting the quantitative
and reproducible phenotyping of organisms and tissues utilizing a diagnostic
foundation of medicine, “histopathology” (phenotyping across cell and tissue
types). We are taking a systems approach to collaboratively create a
quantitative, and high-throughput 3D histopathology for phenomic studies of
model organisms, limited only by the laws of physics. To apply these principles
to model organisms and human issues, “pan-cellular” imaging (across all cell
the tissue types) at high resolution will enable higher dimensions of
characterization of tissue phenotypes than presently possible. We want to
apply the advantages of histology in 3D for the high-throughput and
quantitative needs of phenomics to make volumetric measurements of organs
and of cells and their relationships. We have used fixation and metal-staining to
create pan-cellular 3D reconstructions of whole organisms. Next steps in this
highly collaborative effort include planning the installation and community use
of large-field, submicron tissue tomography instrumentation at synchrotrons,
piloting broad user availability, enabling web-based 3D visualization tools, and
demonstrating the potential of cell-specific and whole-organism phenotyping.
Biomedical Foundations for GOLD

Distinguishing between cellular
mechanism of the small eye
phenotype of a zebrafish mutant
requires submicron pixel
resolution. Stereomicroscopy (left),
a standard morphology screening
tool, shows hht eyes to be smaller
than wild-type, but can not
distinguish ~ between lack of

formation and cell  death
(apoptosis). In  contrast, the

~1.3x microscope objective

submicron pixel size of histology ~Microscope 20x 20x 10x 5x
(below) allows us to visualize ~Oblective

nuclear debris whose fragments are Pixels (1 x p) 0.25 05 1 2
of single micron dimension. Thus, Chromosomes

the small eyes of hht are associated visible? Yes Yes Barely No
with apoptosis, disorder and debris, Golgi (G) visible? Yes Yes Barely No

not lack of development.

Histopathology: submicron pixel resolution

(Left) The small eye phenotype of a zebrafish polymerase
mutant illustrates the importance of submicron pixel
resolution.. Stereomicroscopy, a standard morphology
screening tool, shows hht eyes are smaller than the
corresponding wt. Histology reveals cellular mechanism:
apoptosis of cells, associated with cellular disorder and
nuclear debris.

Wild Type Hhe

Stereomicroscopy

(Below) Histology-based phenotyping of stained tissues
is more sensitive than live fish stereomicroscopy live
fish. A whole-animal histologic screen of
stereomicroscopy-identified mutants revealed
unexpected pleiotropy, cellular “atypia” characteristic of
cancer progression, and 3.3x higher sensitivity for
identifying phenotypes.

Greater resolution reveals that pleiotropy is common
Distinguishing alternative cellular mechanism underlying phenotypes such as small eye phenotype in
zebrafish requires submicron pixels. We showed that many phenotypes readily detectable by histology
cannot be seen in a dissecting microscope. Overall, <1/3 of histological phenotypes are detectable by

Histology

dissecting microscope. :
Organ: Kidney ';:i‘:- Pancreas| Fin Brain |Pharynx| Eye Liver | Gut | TOTAL
Stereo
#Phenotypes (g o | O | O BRI | o || 2t | e EEdles] 2
In 97 mutants Histolo,
@S5 dpf Y | 81 |48 | 67 | 81 | 87 | 77 | 93 | 79 | 91 | 704
(< 0.5 p pixels)
% Histologic phenotypes 3
detected by stereomicroscopy 0 0 1 5 59 27 77 66 64 31

(Analysis by G. Thomas, B. Canada, K. Cheng)

Histotomography

Geometry of Life and Disease (GOLD): A Systems Approach to

Broadening the Societal Benefits of Large-field Submicron Tissue Tomography
Keith C. Cheng (Pennsylvania State University) and Patrick La Riviere (University of Chicago)

Developing histotomography involved combining pan-cellular staining, microCT, and
variable-thickness visualization to characterize 3D cellular features. ~6.5 x 0.6 mm

zebrafish larvae stained with phosphotungstic acid and imaged at 2BM.

5 dpf, Histology, 10x Objective
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5 dpf, Synchrotron MicroCT
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Scale and resolution

Movie of a whole juvenile zebrafish
illustrating the power of visualizing mm scale
structures. Imaged at 2-BM at at 14 p
isotropic resolution, now available at 0.5 p.

Centimeter scale FOVs are needed for whole-
organism phenotyping of small model
systems and tissue specimens from larger
organisms including humans. This required
custom  large-FOV  optics based on
photolithography lenses and 150 MP chips.

GOLD Timeline

(See Yakovlev et al. poster)
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2022
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Compare Commercial with
Synchrotron MicroCT

|

Establish
synchrotron histotomography

|

Develop Instrumentation with
submicron voxel resolution
and centimeter scale FOV

|

Pilot user access to
Synchrotron histotomography
* Web-based 3D visualization
* Organ and cell segmentation

Geometry of Life: Organs

Histotomography allows accurate full resolution
labels scaled from sparse segmentation. A: original
reconstruction down-sampled to quarter resolution. B:
ultra sparse subset of slices are labeled for the
researchers’ ROIl. C: informed interpolation using
Biomedisa. D: resulting 3D label set is then upscaled
to generate a full resolution label mask and smaller
sub-volume file, from cell segmentations can be done. oy g <

Geometri of Life: Cells
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Ke Liang, M. Yakovley, S. Huang, and K. Cheng
Histotomography enables volumetric measurements of thousands of cells. Supervised
machine learning was used to create automated blood cell segmentation from whole larval
zebrafish histotomograms. Geometric parameters are based on ellipsoid models.

Histotomography-enabled Phenomics Overview
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IMPACTS
* Tissue Diagnostics
* Drug development
* Environmental Toxicology

eLife. 2019 May 7:8:044898.

2. Yakovlev MA, etal., La Riviere PJ, and Cheng KC (2022) A wide-field micro-computed tomography detector: micron resolution
at half-centimetre scale. Journal of Synchrotron Radiation, 29(Pt 2), 505-514

3. Cheng KC et al. (2022) Promoting validation and cross-phylogenetic integration in model organism research. Dis Model Mech.
Sep 1;15(9): dmm049600.
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Metals in Brain vs Neurodegenerative Disorders
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Disruption in homeostasis of metals present inside the brain are implicated in the etiologies of
several neurodegenerative disorders such as Parkinson's disease, Alzheimer's disease [1]. Hence,
acquiring knowledge on spatial distribution and concentration of these metals within the brain
paves a way to better understand the mechanisms of these diseases. The techniques that have
been utilized for decades such as imaging followed by immunohistochemical staining of tissue,
auto-metallographic techniques, mass spectroscopy either alter the concentration of metals from
tissue fixation or lack spatial resolution [2, 3].

Here we use synchrotron x-ray fluorescence spectroscopy on unfixed tissue sections to measure
concentrations of multiple metals of interest both at tissue and cellular level within the brains.
Our results indicate that mercury (Hg), a highly toxic heavy metal is localized within the choroid
plexus and lateral cerebral ventricular wall of our animal model (wildtype small Indian
mongoose). We were further able to locate that astrocytes preferentially accumulate this metal,
this metal colocalizes almost to a full extent with selenium, indicating a Se-based detoxification
mechanism of Hg. We were also able to localize manganese (Mn) to purkinje cellular layer in the
cerebellum of SLC39A14 (a manganese transporter gene) -knocked out model of mice thereby
reporting that in addition to the previously reported periventricular zone, cells from cerebellum
play a major role in the etiology of Parkinson's disease.

[1] S. Pfaender, A.M. Grabrucker, Characterization of biometal profiles in neurological
disorders, Metallomics 6(5) (2014) 960-77.

[2] S. Horai, Y. Nakashima, K. Nawada, I. Watanabe, T. Kunisue, S. Abe, F. Yamada, R.
Sugihara, Trace element concentrations in the small Indian mongoose ( Herpestes auropunctatus)
from Hawaii, USA, Ecological Indicators 91 (2018) 92-104.

[3] G. Danscher, Applications of autometallography to heavy metal toxicology, Pharmacol
Toxicol 68(6) (1991) 414-23.
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Will Mn concentration be affected in the Purkinje Cellular Layer Detector spectra obtained from PCL of SLC39A14 - knocked

(PCL) 1n the cerebellar cortex of SLC39A 14 —KO model mice?
in knocked out model.

Photomicrograph of a silver-stained section of cerebellum!
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Elemental XRF distribution in cerebellum shows significantly
more Mn in PCL of SLC39A14 knocked out model mice
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* SLC39A14 encodes a member of divalent metal transporters that
mediate the cellular uptake of Mn, Zn, and Cd.

* Loss of function mutations of SLC39A14 1s reported in childhood-
onset manganese induced dystonia parkinsonism

* Despite Mn being an essential trace metal, chronic exposure to
high levels of Mn 1s known to cause a condition called manganism.

* Manganism mimics the symptoms of Parkinson’s disease.

* Motor capabilities of individuals are affected in Parkinson’s
disease.

* Purkinje cells are necessary for well-coordinated motor activities

Methodology

Optical set up at 9-ID, BNP, APS, Argonne National Laboratory?

Pixelated
area det.
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Zone plate raster scanned
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aperture

reconstructed
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out (KO) mice and wildtype mice shows significantly more Mn

* Thickness of sample for tissue imaging 1s 30 micrometers.

* Thickness of sample for cellular/sub-cellular imaging is 10
micrometers.

* Energy of x-ray beam stood at 10.5 keV for research project #1

* Energy of x-ray beam stood at 15.7 keV(tissue level), 12.7 keV
(cellular level) for research project #2

Conclusions and Future Directions

* The concentration of Mn increases by 10-fold in knocked out
model mice.
* Localize Mn-aggregates at a sub-cellular level

Research Question #1 Research Question #2

11
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Hg is localized to the astrocytes lining the cerebral

ventricular wall
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* What does the tissue specific distribution of Mercury (Hg) look
like in the brain of small Indian mongoose?

* At tissue-level, where 1s major amount of Hg concentrated in this
brain?

* Which cellular or sub-cellular components 1s Hg localized to?
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Background

* Minamata disease 1s a result of Hg —poisoning.

* Hg 1s an ubiquitous element and 1s present in high concentrations in
marine biota’

* Marine mammals are known to possess an Hg- detoxification
mechanism

* Multiple hypotheses for the detoxification mechanism exist arguing
HgSe to be the end species

* Small Indian mongoose has been found to possess high Hg
concentrations in the liver.

* Choroid plexus floats 1n the cerebrospinal fluid present in the
cerebral ventricular voids and protects brain against toxic metals.

Results
Plate 900 134 Cu 16.7

Hg is found distributed throughout the brain tissue
‘ 2mm ‘

1cm 21 2 D 510

Corpus caIIosum

Ventricles \_4)_ 'S

Choroid plexus
White matter

Thala mus

Conclusions and Future Directions

Grey matter

\D

62\

The end species in this animal model 1s not HgSe, as molar

Hg:Se 1s 1:1 for these nanoparticulates.
Chemical form of the aggregates using XANES and EXAFS.

20.2

390 Fe 447
2mm 2mm 50 um

1.http://staff.um.edu.mt/acus1/Cerebellum.htm

2.S. Chen, et al., "Simultaneous x-ray nano-ptychographic and fluorescence
microscopy at the bionanoprobe," Proc. SPIE 9592, X-Ray Nanoimaging:
Instruments and Methods II, 959201 (18 September 2015).

3. R. Dietz, et al., A risk assessment review of mercury exposure in Arctic
marine and terrestrial mammals, Sci Total Environ 829 (2022) 154445.

4.S. Horai, et al., Trace element concentrations in the small Indian mongoose (

Herpestes auropunctatus) from Hawaii, USA, Ecological Indicators 91 (2018)
92-104
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Two-dimensional histological analysis is limited by the sectioning artifacts from slicing tissue at
sufficient thickness to retain stability. High-resolution wide-field micro-CT imaging overcomes
this challenge and gains isotropic resolution across all axes, enabling 3D histological analysis
that allows accurate characterization of volume, shape and distribution of small structures and
cells in biological tissue. However, such large images can present technical challenges for
reconstruction and analysis due to the high computational demands, particularly when
considering methods to remove scanning artifacts and improve signal to noise ratio.

Fixed, embedded, and PTA-stained lung samples from 3 individuals deceased from COVID-19
at varying levels of disease progression were scanned at Argonne National Labs at 0.7 pm
resolution and 10 mm x 7mm field of view, yielding 1.25 TB section scans totaling 2.5 to 8.75
TB per sample. Improvements in memory handling and computational efficiency of several steps
in the overall reconstruction process allowed significant improvements in reconstruction time
and hardware usage. Three-dimensional histology for these samples is presented alongside 2D
histological data of adjacent tissue for co-registration. Future approaches to characterizing the
pathology along with the advantages of 3D histology are presented.

The authors are very grateful to Dr. Alan Kastengren at 7BM and to Alex Deriy, Dr. Viktor
Nikitin, Pavel Shevchenko, and Dr. Francesco de Carlo at 2BM of the Argonne National
Laboratory Advanced Photon Source for their crucial assistance in temporarily integrating our
detector with their hutch, data acquisition, and other intellectual contributions to the performed
work. Dr. Steve Y Wang of Mobile Imaging Innovations, Inc provided essential work on the
design and development of the detector hardware and Dr. Patrick J. La Riviere of the University
of Chicago provided key guidance.
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ABSTRACT

2D histological analysis 1s limited by the sectioning artifacts from
slicing tissue at sufficient thickness to retain stability. High-resolution
wide-field Micro-CT 1maging circumvents this and gains isotropic
resolution across all axes, enabling 3D histological analysis that
allows accurate characterization of volume, shape and distribution of
small structures in biological tissue. However, such large images can
present technical challenges for reconstruction and analysis due to the
high computational demands, particularly when considering methods
to remove scanning artifacts and improve signal to noise ratio.

Fixed, embedded, and PTA-stained lung samples from 3 individuals
deceased from COVID-19 at varying levels of disease progression
were scanned at Argonne National Labs at 0.7 um resolution and 10
mm x 7mm field of view, yielding 1.25 TB section scans totaling 2.5
to 8.75 TB per sample. Improvements in memory handling and
computational efficiency of several steps in the overall reconstruction
process allowed significant improvements in reconstruction time and
hardware usage. 3D histology for these samples is presented
alongside 2D histological data for adjacent tissue data for co-
registration, and future approaches to characterizing the pathology
and 1its relation to disease progression are presented along with the
advantages presented by 3D histology.

OBJECTIVES

1. Reduce memory usage to enable broader parallelization on both high-
powered and low-powered hardware.

2. Target key performance bottlenecks to allow better throughput of data
reconstruction.

3. Identify key cell types for tracking cell and tissue damage arising from
COVID-19 in both conventional and 3D, Micro-CT based histology.

4. Use computational categorization and characterization of cells in both
3D and conventional histology, both to fully track the effect of COVID-
19 and examine the benefits of using 3D histology approaches in
practice.

MATERIALS AND METHODS

2 post-mortem samples for each of 3 individuals deceased from COVID-
19 at medium or late stage were obtained from the NIH. Samples were
stained with PTA and embedded in JB4+ as per standard protocol[2].
These samples were scanned at Argonne National Laboratories Labs at 0.7

um resolution and 10 mm x 7mm field of view using a custom scintillator
setup and a VP601MX camera[1].

Mouse lung and trachea samples (used in benchmarking, not shown here)
were obtained from Zissis Chroneos. Samples were stained with PTA and
embedded in JB4+ as per standard protocol[2], then scanned at Lawrence
Berkeley National Laboratory at 0.5 um resolution and a 5.8 mm x 4.5mm
field of view with a VP101mx camera[l].

Samples were reconstructed on a High Performance Cluster system based
at Hershey Medical Center. Runs (both benchmarked and shown
reconstructed) were run on either 4 (88 thread/process) or 2 (44
thread/process) dense nodes with 88 cpu thread capacity and 1.5T
memory.

Optimizations were performed by a mix of refactoring existing
implementations (tomopy[3,4,5] and algotom[6]) and converting memory
usage to a shared memory approach to avoid the overhead of excess data
copies and the inefficiencies around data dispatching during python
multiprocessing.

Additionally, modifications were made to the phase retrieval algorithm to
align more closely with the original intended approach[4], based on filed
tomopy 1ssues.

RESULTS
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Figure 2 (Right) Optimization reduced reconstruction time. Reconstruction time of mouse trachea (97.26
billion voxels) and mouse lung (515.76 billion voxels) 1s compared. Minor steps are binned in “Other.”
Optimizations have reduced phase retrieval time by > 90% and total stripe removal time by > 45%. Lower
thread count approaches are longer in duration but can be run individually on smaller nodes to adapt to lower
hardware requirements or doubled on larger nodes for faster reconstruction.

Figure 3 (Below) Histology and MicroCT of Adjacent COVID Tissue. A and B are hematoxylin and eosin
stained histology at 10x; and C and D PTA-stained MicroCT, 0.7 um resolution (zoomed out by x3).

A and C are adjacent post-mortem samples from an individual deceased from medium-stage COVID-19.
B and D are adjacent post-mortem samples from an individual deceased from late-stage COVID-19.
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NEXT STEPS

The largest computational targets remaining focus around two 1ssues.
First, the performance and memory usage of existing median filter
algorithms, which are limited to sort based algorithms as the existing
implementations of superior approaches are limited to narrow window
sizes unsuitable for artifact removal. Implementing the improved
algorithms for our window sizes and offloading work to the GPU are both
possible approaches.

Second, the excessive memory copies during the reconstruction step.
While reconstruction algorithms like gridrec are well-tuned, they still
engage 1n unnecessary memory copies from python memory structures into
C-based memory structures. Changes to the reconstruction call to make
the python shared memory directly available to embedded C code without
excess data copies should address the memory 1ssues associated with the
reconstruction process.

Objectives (3) and (4) are in progress. Noise 1ssues associated with the
Argonne scans due to a mixture of high scan energy (1mperfect for PTA)
and sample quality issues have proved somewhat challenging and
additional approaches such the use of unsupervised Machine Learning
approaches like Noise2Noise are under examination.
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Whole-organism micro-CT captured at sub-micron resolution is vital to answering important
biomedical research questions involving anatomy, microanatomy, physiology, and phenotypes
induced by environmental and genetic variables. Achieving wide-field, high-resolution images
with minimal artifact remains a bottleneck in this endeavor due to limitations in achieving high
signal to noise and scanning efficiency. We propose a set of machine-learning based pipelines to
increase the throughput of the scanning setup as well as to improve scan quality. Scanning time
can be significantly reduced through sparse angular sampling during scan acquisition and/or by
reducing exposure time per view. We address the challenges presented by artifacts caused by
angular under-sampling or by low-photon count through a novel algorithm that is designed to
understand noise distributions, super-resolution artifacts, and regional inconsistencies.

Utilizing scans of 5-day old zebrafish at Argonne National Laboratory at 0.7 um resolution, we
propose a super-resolution model that is capable of converting 2x (750 angles), 4x (375 angles)
and 8x (188 angles) under-sampled data back to high quality full resolution sinogram data (1501
angles). We leverage regional attention mechanisms to maintain flat intensities across regions
without subject and low noise across regions with subject. The improvements were particularly
notable and important in the removal of reconstruction artifacts whose feature sizes overlapped
with biological structures. Our proposed network achieves an average increase in peak signal to
noise ratio (PSNR) of 27.12dB and a structural similarity index (SSIM) of 0.21, for 8x super
resolution compared to the Bicubic interpolated inputs.
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CONCLUSION

We have proposed a robust machine learning pipeline to increase scanning
efficiency by reducing the sampling rate of micro-CT projections in the angular
space. The increase in efficiency leads to faster scan acquisition as well as a
reduction in drift errors that usually build up over time in traditional scan
acquisition settings. Additionally, we have had significant improvement in both
gualitative and quantitative measures of the resulting scan.

Mirror

Rotation Stage

We have developed a novel deep neural network that combines three unique
elements- (1) A U shaped structure to perform symmetric down-sampling and up-
sampling of features, (2) Window based transformer blocks for efficient extraction of
long-range feature interactions and (3) A residual network to focus on local context of CO NTACT
the image. The three component have individually shown remarkable improvements
in terms of signal to noise ratio (SNR) and structural similarity (SSIM). The network is

The raw projections are gain corrected and converted to sinograms of size
1500x2048 from which alternate rows are deleted to obtain the 2x under-
sampled (750x2048) input. Further deletion of alternate rows leads to 4x
(375x2048) and 8x (187x2048) under-sampled signals. An 8x under-sampled

. . o . A H Subbakrishna Adishesh
signal only requires 75 seconds tor acquisition. In order J_CO ma.amta.m.a symme’Frlc trained over 65K samples and validated over 16K samples where each sample is of size MOsH SULBAKIISANG ATIShES .a .

neural network, we up-sample the 2x,4x and 8x scans using bicubic interpolation 178x198 413- EBIH, College of Information Science and Technology,
to obtain the original size (1500x2048). However, there are significant ' aus79@psu.edu

interpolation artifacts which are illustrated in the data section.
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In accordance with the statistics of the WHO in 2021, 38.4 million people were infected with
HIV globally.l Out of this number, 36.7 million were adults and the remaining were children
under 15 years. The current combination of antiretroviral therapy (CART) has changed the fatal
pandemic HIV disease to a chronic disease and improved HIV related pathologies.[?! Although
CART is a steppingstone in the reduction of viral load and replication in HIV patients, there is a
stampede in its delivery to reservoirs such as the central nervous system (CNS) due to infective
transmigration of the drug via the Blood Brain Barrier (BBB).l Recent advancement in
nanomedicine-based drug delivery has been a major research topic and innovative systems for
drug delivery.”! Among nanomaterials, nanodiamonds (NDs) have become a subject of active
research due to their natural biocompatibility and non-toxicity which makes them a preferable
and efficient nano-carrier compared to other carbon-based materials.®! In view of these, we used
unmodified nanodiamond due to its ability to load anti-HIV drugs across the BBB as previous
studies have shown its ability and efficacy to load these drugs.? We hypothesized that
macrophages containing nanodiamonds can transmigrate through the tight junction of the BBB
and release the drug into the brain and subsequently engulfed by the resident microglial cells
within the brain.[®! To further advance ND-based cART, we aim to use fluorescent
nanodiamonds, FND, which will have a size in the range of 50-70 nm, surface modified to attach
biological molecules, higher colloidal stability, and tunable zeta potential as a multifunction
traceable specifically targeting nanodrug platform.
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Understanding ion distributions and water orientation near graphene and graphene oxide surfaces
is relevant to a range of applications, including capacitive deionization, heavy metal separations,
and improved membrane performance. In each of these applications, ions and water interact with
a graphene or graphene oxide surface in the small region forming between the solid and bulk
liquid. Properties in this confined region greatly differ from typical bulk attributes, but
experimentally probing interfaces is challenging, as most techniques are dominated by bulk
signal. We experimentally characterize ion and water organization near both graphene and
graphene oxide interfaces with molecular-scale resolution using a combination of surface-
sensitive x-ray scattering and spectroscopy techniques uniquely available to the Advanced
Photon Source. From these methods, we can fully describe the interface, including the structure
of the graphene and graphene oxide films themselves, ion adsorption, and water orientation.
These studies reveal the fundamental science underpinning downstream separation success.

This material is based upon work supported by the U.S. Department of Energy, Office of Science,
Office of Basic Energy Sciences, Separation Science, Early Career Research Program under
contract DE-AC02- 06CH11357.
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Determining the Charge Transfer Properties of Metal-coordinated Coumarin Dyes Using X-ray
and Optical Transient Absorption Spectroscopies

Danielle J. Jacoby?, Cali Antolinit, Abby E. Civiello?, Christopher J. Otolski?, Gilles Doumy?,
Anne Marie March?, and Dugan Hayes*

!Department of Chemistry, University of Rhode Island, Kingston, Rl 02881
2Chemical Sciences and Engineering Division, Argonne National Laboratory, Lemont, IL 60439

Organic dyes present a promising alternative to the more expensive ruthenium and iridium
complexes commonly used in photoredox reactions. Ideally, such a framework should offer
facile tunability of the excited state redox potential while maintaining sufficiently long excited
state lifetimes for intermolecular charge transfer. Here we have augmented the coumarin
derivative 4-methylesculetin with dipicolylamine to form a tetrahedral binding pocket that can
then coordinate different divalent first-row transition metals, allowing us to tune the excited state
redox potential by simply adding a salt. Using x-ray transient absorption spectroscopy, we have
observed photoinduced reductive shifts in the K-edge spectra of the corresponding complexes of
Mn?* through Zn?* that are consistent with the varying degrees of intramolecular charge transfer
to the metals predicted by density functional theory calculations. We have also combined these
X-ray measurements with optical transient absorption spectroscopy to characterize the relaxation
dynamics of these complexes on timescales ranging from 100s of femtoseconds to 10s of
microseconds. As expected, the Zn?* complex exhibits little to no charge transfer character, and
any electronic or nuclear rearrangement at the metal site fully relax within the temporal
resolution of our measurement. On the other hand, all other metal complexes exhibit long-lived
charge transfer states that persist for 100s of nanoseconds. Notably, the relaxation dynamics of
the Co?* complex include an additional time component of approximately 10 nanoseconds that is
entirely absent in the other metal complexes.
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Understanding Interfaces in Rare Earth Separations via Multiple Surface Specific Probes
Ahmet Uysal*
!Chemical Sciences and Engineering Division, Argonne National Laboratory, Lemont, 1L 60439

Chemical separations are central to our energy, environment, and security needs. From efficient
refinery and recycling of rare earths to cleanup of contaminated underground waters, chemical
separations cover a wide range of processes such as liquid-liquid extraction (LLE), membranes,
and sorbents. A common theme in most processes is that the target ions need to adsorb on or go
through an interface. Understanding aqueous interfaces at molecular scale, require special
experimental techniques that can distinguish the interfacial structures from the overwhelmingly
larger bulk.

Surface sensitive synchrotron x-ray scattering and fluorescence, and vibrational sum frequency
generation (SFG) spectroscopy techniques are among the most advanced tools available to study
aqueous interfaces. This poster summarizes our group’s efforts in understanding aqueous
interfaces in chemical separations, by combining these two experimental techniques. It
demonstrates specific examples where a single method is not enough to decipher the complex
interactions at the interface. The examples cover ion-amphiphile interactions in LLE and ion
adsorption on graphene-oxide thin films.

The work presented here was supported by the U.S. Department of Energy, Office of Basic
Energy Science, Division of Chemical Sciences, Geosciences, and Biosciences, Separation
Science Program and Early Career Research Program under contract DE-AC02-06CH11357.



Manipulating Spin Anisotropy in Artificial Superlattices of Iridate with Jesf = 1/2 Square Lattices
Dongliang Gong* and Jian Liu*
Department of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996

Spin anisotropy is a crucial factor in determining the magnetic phases of quantum materials. The
competition between different symmetries of anisotropy can lead to the emergence of new states,
and integrating them in one system could provide an alternative approach to achieve exotic
magnetic phases. Typically, uniaxial or epitaxy strain is used to induce anisotropy in bulk or
thin-film materials. In this study, we have engineered the layered structure of iridate superlattices
to manipulate the spin anisotropy of Jeff = 1/2 square lattices. Specifically, we have integrated
single-layer and bilayer Jeff = 1/2 square lattices in one superlattice structure as they exhibit XY -
anisotropy and c-axis anisotropy, respectively. Through synchrotron x-ray diffraction, resonant
X-ray magnetic scattering, magnetization, and resistivity measurements, we have discovered that
the new hybrid superlattice stabilizes a unique state that differs from the single-layer and bilayer
magnetic anisotropic systems. The entire hybrid superlattice orders simultaneously via a single
antiferromagnetic transition at temperatures similar to the bilayer system, but with all the Jeff =
1/2 moments mainly pointing in the ab-plane, similar to the single-layer system. These findings
demonstrate that combining different magnetic anisotropic systems with orthogonal properties in
close proximity is a powerful approach to achieving a distinct state in the system.
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Origin of Chirality in Transition-metal Dichalcogenides

Hyun-Woo. J. Kim" 2, Kwangrae Kim!, Seunghyeok Ha', Hoon Kim', Jin-Kwang Kim!,
Jaehwon Kim', Hyunsung Kim!, Junyoung Kwon', Saegyeol Jung®*, Changyoung Kim?> 4,
Ayman Said?, and B. J. Kim!"

'Department of Physics, Pohang University of Science and Technology, Pohang 37673, South
Korea

2Advanced Photon Source, Argonne National Laboratory, Lemont, IL 60439

3Center for Correlated Electron Systems, Institute for Basic Science, Seoul 08826, South
Korea

*Department of Physics and Astronomy, Seoul National University, Seoul 08826, South
Korea

1T-TiSe2, an archetypal charge density wave (CDW) system with a 2X2X2 unit cell below
Tc=200K,"! is proposed to exhibit chirality at T*=180K by various experiments such as
photogalvanic effect,!?) transport and specific heat measurements,* but the mechanism how
chiral symmetry is broken remains poorly understood. In this talk, we will discuss our
measurements using Raman spectroscopy, x-ray diffraction and inelastic x-ray scattering
(IXS). We show that chiral symmetry in the lattice sector is already broken at the Tc and
therefore that a second order transition at T* is absent. Our IXS data show no anomaly of
phonons at the zone center of the 2X2X2 unit. Instead, we observe splitting of Eg phonon
modes measured by Raman spectroscopy, and a forbidden reflection by x-ray diffraction,
which indicate breaking of the chiral symmetry. Our results show that chirality in the CDW
phase arises from mutually incompatible symmetry properties of charge density modulations
and atomic displacements, transforming as a continuous scalar field and a vector field on a
discrete lattice, respectively.

Inelastic X-ray experiment performed at 30-ID was supported by Ayman Said was performed
by Hyun-Woo. J. Kim.

[1] M. Holt et al., Phys. Rev. Lett. 86, 3799 (2001)
[2] Su-Yang et al., Phys. Rev. Lett. 86, 3799 (2020)
[3] John-Paul Castellan et al., Phys. Rev. Lett. 110, 196404 (2013)



Strain tunable emergent magnetic state in Sr2lrO4
Shashi Pandey*
tUniversity of Tennessee, Knoxville, TN 37996

Iridates are one of the extensively studied transitional metal oxides because of the unique
combination of the electron-electron and spin-orbit interaction. Sr2lrO4 is a notable example,
which is a quasi-two-dimensional Jest =1/2 canted antiferromagnetic (AF) Mott insulator with a
layered structure that is remarkably similar to the parent phase of weakly spin-orbit-coupled
high-Tc cuprates. However, due to the built-in spin-orbit entanglement, the Jett = 1/2 moments
can form significant inter-site quadrupoles in contrast to the S=1/2 moments of Cu ions. The
resulting magnetoelastic coupling leads to spontaneous tetragonal symmetry breaking by the AF
order in the B1g channel. In the experiment, we compared the elasto-responses of the AF order
to in-situ B1g and B2g strains representing two orthogonal symmetry configurations. While the
B1g strain efficiently detwins the spontaneous AF domains, new states that break the
translational symmetry along the c-axis emerge with the B2g strain [1]. Our model analysis
shows that such an emergent state is driven by an unusual quartic interaction of B2g symmetry,
competing with the intrinsic B1g anisotropy, and can be in situ tuned by the applied strain.

[1] S. Pandey et. al., Controllable Emergent Spatial Spin Modulation in Sr2lrO4 by In Situ Shear
Strain, Phys. Rev. Lett. 129, 027203 (2022).



Emergence of a new magnetic state in Sr.,IrO,
induced by an in situ B, strain

Shashi Pandey, Han Zhang, Junyi Yang, Dongliang Gong, Chengkun Xing, Alexander Sizemore, Weiliang Yao, Haidong Zhou and Jian Liu
Department of Physics & Astronomy, University of Tennessee, Knoxville, Tennessee, 37996

Spatially modulated phases, where the order parameter varies over
multiple structural building blocks, widely exist in nature from physical
systems to biological systems. Exotic spin textures are the magnetic version
of this kind with prominent examples including various forms of spin spirals
and magnetic skyrmions, which have been extensively studied for
magnetoelectric effects, topology, spintronics, etc.
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effect, the lattice distortion is
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With the B, strain stretching the a-axis of the sample, the MM transition upshifts
(downshifts) with H || b (H Il a). However, it shows a strange response with a B,
strain with H || [110] — the emergence of a long-extended tail in MR.

In Sr,lrO,4, the magnetic Bragg diffraction comes from scattering by Iridium t,,
electrons. The XRMS using the L edge (2p—5d), does the selective resonant
enhancement allowing the study of the magnetic structure in this system.
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The increase in the FM intensity even after the disappearance of AF intensity
is coming from the expense of the 1/3 satellite peak intensity.
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» A non-trivial B2g quartic interaction reproduces the observed

strain effects. Also, the emergence of such interaction reveals
nontrivial physics of high-order anisotropy. @g%
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In a system like Sr,IrO, where the magnetic ordering breaks rotational symmetry,
introducing an anisotropy that is orthogonal to the spontaneous anisotropy of the
system, could lead to translational symmetry-breaking resulting in the emergence of
a new magnetic state. The possibility of introducing the competition between the B,
and B, anisotropy in Sr,IrO, by in situ strain allows continuous tuning of the spatial
modulation. This approach to trigger competition and obtain controllable new phases
could be applicable to many quasi-2D materials due to the critical role of anisotropy
In stabilizing low-dimensional magnetic orders.
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Single-crystal X-ray Diffraction at Extreme Conditions (GSECARYS)
Stella Chariton® and Vitali B. Prakapenka®
Center for Advanced Radiation Sources, University of Chicago, Chicago, IL 60637

The advantages of using single crystals over powdered samples in x-ray diffraction experiments
are well known [1]. Analysis of single-crystal x-ray diffraction (SCXRD) data has traditionally
allowed us to obtain explicit solutions of complex structures, detect small structural distortions,
retrieve accurate displacement parameters as well as provide chemical characterization of new
materials. The SCXRD method is becoming more and more appealing in the high-pressure
research community nowadays [2]. It is now possible to study in great details the crystal
structure, physical and chemical properties of minerals and materials, important for materials
science, even in the megabar pressure range using the diamond anvil cell (DAC). Even at high
pressure, where the coverage of the reciprocal space is restricted by the DAC design, SCXRD
data provide more information than the one-dimensional diffraction patterns collected from
powdered samples.

Here we review the sample and DAC preparations that are necessary prior to a single-crystal x-
ray diffraction experiment, we describe the data collection procedures at GSECARS (sector-13),
and we discuss the data processing using various software. A few examples, on carbonate
minerals and various metal oxides, but also weakly scattering compounds, such as CO», are
presented in order to demonstrate not only the challenges but also the advantages of using single
crystals for solving the structures of complex high-pressure polymorphs or novel compounds, as
well as to better constrain the compressibility and the high-pressure structural evolution of
known compounds.

[1] P. Dera (2010) All different flavors of synchrotron single crystal X-ray diffraction
experiments. High-Pressure Crystallography, Springer, Dordrecht, p11-22.

[2] T. Boffa-Ballaran et al. (2013) Single-crystal X-ray diffraction at extreme conditions: a
review. High Pressure Research, 33, p453-465.
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Introduction

v" Analysis of single-crystal X-ray diffraction (SCXRD) data has traditionally allowed us
to obtain explicit solutions of complex structures, detect small structural distortions,
retrieve accurate displacement parameters as well as provide chemical characterization

of new materials.

v The SCXRD method is becoming more and more appealing in
research community nowadays. It is now possible to study In great
structure, physical and chemical properties of minerals and mater

materials science, even in the Mbar pressure range using the diamond anvil cell (DAC).

v Here we review the sample and DAC preparations that are necessary
experiment, we describe the data collection procedures at GSECAR
13), and we discuss the data processing using various software.

the high-pressure
details the crystal
lals, important for

prior to a SCXRD
S beamline (sector

al X-ray Diffraction at Extreme

Stella Chariton & Vitali B. Prakapenka

Center for Advanced Radiation Sources, The University of Chicago, Chicago, IL 60637, USA

Conditions (GSECARS)

Contact: chariton@cars.uchicago.edu

What can you do using

Obtgit XRmate Equations of State

Detect small structural distortions

Study evolution of polyhedra with pressure
Retrieve accurate displacement parameters
Solve directly the structure of novel phases

Determine unit cell parameters with great precision

D N N N N N RN

Provide chemical characterization of new compounds

13-IDD Beamline at GSECARS
MAIN CHARACTERISTICS

v. X-ray energy. 6-42 keV
v X-ray beam size: 2x3 um?

v X-ray detectors: Pilatus 1M CdTe,
MARCCD, Pilatus 300K-W

v Laser system: 2 YLF, 100 W max output

v Others: Remote pressure control,
cryostat & open flow cooler,
multi-channel collimator,
on-1line ruby fluorescence,
X-ray fluorescence,

on-line Raman spectroscopy & more

-

Apply for beamtime after the APS-U!

Contact us for questions

—

What are your limitations ?

You will be able to perform SCXRD experiments on
geomaterials and materials of great importance to
material science over a broad pressure and
temperature range, however...

@ You will not be able to collect SCXRD patterns during laser-heating

© BUT you can collect quick 2D-patterns during heating sessions...

@ Collection of low symmetry phases can be challenging at very high
pressures due to the limited number of available reflections.

© BUT there are a few known strategies to overcome such problems...

Brief SCXRD collection Protocol

Procedure i Average lime needed

1) Create calibration files.

Depends on the size of the sample, the pressure in

3) Scan and locate the center of the the cell or other special conditions

sample chamber ~ 5 min

4) Perform Centering procedures (|e find Under special conditions it can be challenging
the center of rotation) ~ 5 min

5) Collect a wide scan or a still image ... seconds

6) Evaluate your patterns, adjust
exposure times, beam flux or choose
another sample location if needed

~ seconds — few minutes

~ 2-5 min
(for a standard step scan)

8) Preliminary processing of your SCXRD data
before you change sample, heat or increase
pressure (recommended)

Strongly depends on users experience,
computer performance & sample complexity

~15-30 min
~ 10 - 30 min
(depends on every single case)

10) Set a grid collection to map the

: D - -
heated sample and find the most epends to the size of the grid, type of

scan and exposure time...

Tt rTTT r|TTT T TTTTTTTTTTTTTYTITTT rTTTTTATTTTTT T

| - L -_ / interesting areas to collect step scans.
+38° Example of a step scan = 1521ames, 1 s exposure every 0.5°
W r N
" '380 . OO +380
. L
X-ray

Sugoested References: Dera (2010) High-Pres Cryst., p11-22.; Boffa-Ballaran et al. (2013) High Pres Res, 33, p453-465; Chariton et al (2020) Acta
Cryst, E76, 715-719; Bykova et al. (2016) Nature Com, 7, 10661; Bykov et al. (2018) Acta Cryst, E74, 1392-1395

Acknowledgments: This work was performed at GeoSoilEnviroCARS (The University of Chicago, Sector 13), Advanced Photon Source (APS),
Argonne National Laboratory. GeoSoilEnviroCARS is supported by the National Science Foundation — Earth Sciences (EAR — 1634415) and
Department of Energy- GeoSciences (DE-FG02-94ER14466). This research used resources of the Advanced Photon Source, a U.S. Department of
Energy (DOE) Office of Science User Facility operated for the DOE Office of Science by Argonne National Laboratory under Contract No. DE-

AC02-06CH11357.

Requirements for a successful SCXRD experiment at extreme
Cond v" A diamond anvil cell with large opening angle
v Boehler-Almax type anvils and seats
v Single crystals of high-quality and appropriate size
Figure 1: Two CoCO; crystals and a W chip arranged in the sample chamber at 5
GPa. At high pressures the gasket hole will shrink as indicated by the dashed circle.
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Figure 2: An ideal single crystal of Re,C is compressed from 3 GPa
to 50 GPa at room temperature. The sample’s reflections remain
sharp and intense at high pressures.

Figure 3: An ideal single crystal of ZnCO; is compressed from 5 GPa
to 110 GPa at 300 K. The crystal slowly deteriorates leading to
broad and weak reflections. The data quality becomes too poor for
single-crystal analysis in this case.

Figure 4: An (Fe, ;Mg, ;)CO; crystal at 55 GPa is laser heated at
2300 K for 1 min. Many new reflections appear. The sample
partially dissociates in formation of high-pressure Fe;O, (Bbmm).

Upstream: 1450 K
Downstream : 1580 K

o

Upstream: 2180 K
Downstream : 2340 K

Upstream: 2220 K
Downstream : 2380 K

C g

Figure 5: X-ray diffraction patterns (still images) of an (Fe, ;Mg, ;)CO; crystal at 55 GPa collected during double-sided laser heating. a) The carbonate crystal remains stable, the user
must increase temperature. b) First signs of crystallization of a new phase, the user must keep the temperature stable to allow better crystal growth. c) The new reflections appear

promising for a SCXRD collection to start, the user must quench.

Processing single-
crystal XRD data

Figure 6: Reflections in the Ewald
sphere using CrysAlisPRO, Two
datasets for NiCO,; SCXRD collection
in the diamond cell are depicted
along the a*- axis, a-c) at 1 bar, and
d-f) at 62 GPa. Starting from a and
d, the user has to separate the
sample reflections (b and e) from
the trash-reflections arising from
the high-pressure environment as

shown in ¢ and f.

Multigrain &
Multiphase
Figure 7afneae|(y|9rs of a

Domain 1
Domain 2

the same phase, but have

domains of 6-Mn,0;.

MnCO;, crystal after heating in
the Ewald sphere. a) Peaks arise
from several domains and the
high-pressure environment.In b
and ¢, a Mn,C,0,; domain is
found and depicted along the a-
axis. Many domains belong to

different orientations. Ind, a
second Mn,C,0,; domain is
found. In this dataset we found
9 domains of Mn,C,0,; and 2

Suggested software for data evaluation &

Dioptas : exploration of Dr — éRgi l;ﬁterns, data evaluation prior to
SCXRD collections (Prescier 255

CrysAlisPRO : Single-crystal XRD data processing, determination of unit cell,
integration of reflection intensities, absorption corrections (Agilent Technologies)

J AN A : Structure solution, refinements of atomic coordinates, site
occupancies, anisotropic displacement parameters and others (Petricek et al. 2014)

Structure Solution

1
Pxyz = VZ F,exp|—2mi(hx + ky + 1z)]
hkl

Electron density map Atoms located

Example of a single-phase multigrain sample : CO,-V b

Figure 8: a) A wide XRD image collected while the DAC is constantly rotating from -38 to 38° for 20 sec. The CO,-V peaks appear almost like a powder
(green arrows). In reality this is a polycrystalline sample. b) A still XRD image collected while the DAC is stationary for 3 sec. Through the multigrain
analysis we are able to separate the reflections from at least two different CO,-V grains (green & blue circles) and process them independently.

142d , 45 GPa, ~1450 K
a=3.568(2), c=5.890(6)
V=74.98(8)

107 unique reflections
R1=5.8% , wR2=6.1%




The GM/CA@APS Structural Biology Facility Upgrade Plan

Robert F. Fischetti!, Nagarajan Venugopalan!, Michael Becker!, Stephen Corcoran!, Dale
Ferguson', Mark Hilgart', David J. Kissick', Oleg Makarov', Craig M. Ogata', Sergey
Stepanov!, Qingping Xu', Shenglan Xu!, Janet L. Smith?.

!GM/CA CAT, Argonne Natl Lab, Argonne, IL
2Life Sciences Institute, Univ Michigan, Ann Arbor, MI

The National Institute of General Medical Sciences and National Cancer Institute Structural
Biology Facility at the Advanced Photon Source (GM/CA@APS) operates a national user facility
for structural biology with synchrotron beamlines specializing in intense, tunable micro-beams for
crystallography. The facility includes canted-undulator beamlines, 231D-B, and 23ID-D, that
provide stable, intense X-ray beams of user-selectable size down to 5-micron, an intuitive user
interface for experiment control, and an automated data processing pipeline. The beamlines have
high-capacity automounters and PAD detectors (Dectris), allowing rapid data collection. GM/CA
users have been very productive, resulting in almost 2000 publications and over 3350 protein data
bank deposits. Our micro-crystallography developments supported the research of Brian Kobilka,
who was awarded the 2012 Nobel Prize in Chemistry for studies of G-protein-coupled receptors
(GPCRs).

We plan to upgrade the beamlines during the APS dark period to exploit the high brightness of the
APS-U. New state-of-the-art focusing optics and endstation instrumentations will be installed. The
focusing optics will be replaced with EEM-polished mirrors (JTEC) in mechanical benders
(AXILON) and compound refractive lenses (CRLs) (RXOPTICS, AXILON). The mirrors could
focus the full beam down to 5 microns with an intensity of over 5x10'3 photons/sec, and with the
CRL transfocator, the beam could be focused to sub-micron dimensions with an intensity greater
than 1x10"3 photons/sec at 12 keV. The new optics will provide extremely intense, clean, stable,
and rapidly adjustable beam sizes between 1-30 microns. The monochromator on 23-ID-D will be
modified to increase thermal and mechanical stability and raise the maximum energy to 35 keV to
exploit the high intensity of the APS-U at high energy. Each endstation will be replaced, and one
high-stability table will support the CRL translocator and sample environment. The new
goniometer will allow data collection on crystals as small as one micron and provide rapid
scanning of random or periodic fixed target samples. A Dectris Eiger2 16M CdTe detector will
allow high-speed, high-efficiency X-ray detection on 23-ID-D. The new pyBlulce GUI and
beamline control software will enable sophisticated data collection routines such as 3D-rastering
and helical data collection, fully automated (unattended) data collection, and routine serial
crystallography data collection from fixed target and injector-based sample delivery systems.
These small, ultra-intense, high-energy beams will create game-changing opportunities for
exciting new structural biology research.

GM/CA@APS has been funded by the National Cancer Institute (ACB-12002) and the National
Institute of General Medical Sciences (AGM-12006, P30GM138396). The Eiger 16M detector
was funded by an NIH-Office of Research Infrastructure Programs, High-End Instrumentation
Grant (1S100D012289-01A1).This research used resources of the Advanced Photon Source, a



U.S. Department of Energy (DOE) Office of Science User Facility operated for the DOE Office
of Science by Argonne National Laboratory under Contract No. DE-AC02-06CH11357.



The GM/CA@APS Structural Biology Facility Upgrade Plan
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Shenglan Xu?, Janet L. Smith?
IGM/CA@APS, X-ray Science Division, Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439, USA and “Life Sciences Institute, Univ Michigan, Ann Arbor, Ml
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k biology research.

Abstract

The National Institute of General Medical Sciences and National Cancer Institute Structural Biology Facility at the Advanced Photon Source (GM/CA@APS) operates a national user facility for structural biology with
synchrotron beamlines specializing In intense, tunable micro-beams for crystallography. The facility includes canted-undulator beamlines, 231D-B, and 231D-D, that provide stable, intense X-ray beams of user-selectable
size down to 5-micron, an intuitive user interface for experiment control, and an automated data processing pipeline. The beamlines have high-capacity automounters and PAD detectors (Dectris), allowing rapid data
collection. GM/CA users have been very productive, resulting in almost 2000 publications and over 3350 protein data bank deposits. Our micro-crystallography developments supported the research of Brian Kobilka,
who was awarded the 2012 Nobel Prize in Chemistry for studies of G-protein-coupled receptors (GPCRS).

We plan to upgrade the beamlines during the APS dark period to exploit the high brightness of the APS-U. New state-of-the-art focusing optics and endstation instrumentations will be installed. The focusing optics will
be replaced with EEM-polished mirrors (JTEC) in mechanical benders (AXILON) and compound refractive lenses (CRLs) (RXOPTICS, AXILON). The mirrors could focus the full beam down to 5 microns with an
intensity of over 5 X 1013 photons/sec, and with the CRL transfocator, the beam could be focused to sub-micron dimensions with an intensity greater than 1 X 10%3 photons/sec at 12 keV. The new optics will provide
extremely Intense, clean, stable, and rapidly adjustable beam sizes between 1-30 microns. The monochromator on 23-1D-D will be modified to increase thermal and mechanical stability and raise the maximum energy to
35 keV to exploit the high intensity of the APS-U at high energy. Each endstation will be replaced, and one high-stability table will support the CRL translocator and sample environment. The new goniometer will allow
data collection on crystals as small as one micron and provide rapid scanning of random or periodic fixed target samples. A Dectris Eiger2 16M CdTe detector will allow high-speed, high-efficiency X-ray detection on
23-1D-D. The new pyBlulce GUI and beamline control software will enable sophisticated data collection routines such as 3D-rastering and helical data collection, fully automated (unattended) data collection, and routine
serial crystallography data collection from fixed target and injector-based sample delivery systems. These small, ultra-intense, high-energy beams will create game-changing opportunities for exciting new structural
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Upgraded optical devices — HDM, KB-mirrors, CRL and End-stations
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K on January 2022

KB-1 and CRL installed in Hutch D

DCM offset changed from 30mm to

15 mm in Hutch C

New KB mirror, Endstation and
CRL-2 In Hutch B

Upgraded HDM in Hutch A

/ CRL on ID-D station

CRL Transfocator commissioning

= Design specification
— Provide ~1-micron focus over 5 — 35 keV using white beam slit source with APS and undulator source with APS-U
— Center of lenses should be aligned to ~ 5 micron
— Use multiple diameter lenses for full energy range and to minimize amount of translation 31-50um, 131-200pm, 7-500pm

= September 2020: installed with bent V-grove rail and only 'z lenses
— Gained experience aligning and changing configuration vs. energy (# of lenses, longitudinal shift, pitch and roll alignment)
— Transfocator pitched with “shift” motion due to pressure from vacuum bellow. Effect reduced by shimming (Oleg Makarov)

= January 2021: new V-grove rail design installed with all 169 CLR lenses and apertures
— Began commission minimal focal size over 5 — 35 keV energy range

= May 2021: accelerometer measurements
= Until 2022/08/20: operation condition good

Beam direction
es of ax 22X 1

RS00 RS00RS00

16X 16X 16X 16X 16X 16X 8X 4X 22X 11X
R200 R200 R200 R200 R200 R200 R200 R200 R200 R200 R200

Transfocator installed in 23-ID-D View inside the transfocator ~600mm long

CRL Transfocator micro-focus commissioning b

Teortia o s

Open 19x<1 (HXV,FWHM) 139x54

10

n, FWHM)

Closed 10x 1.0 2.0x2 T

maging the full undulator source with CRLs
= Due to the large differences in the horizontal and vertical properties of the undulator source (size,
divergence), the foci are not in the same plane (see plot)
= Design: use one or two mirrors with paraboloid lenses to adjust focal position (no linear lenses!)
Micro-focusing -40  -30
= Horizontal direction: use new canted-undulator white beams slits (WBSL) to define a small source point
= Vertical direction: either image undulator source and use mirror(s) to adjust focal length or use WBSL
challenges

Beam size (microl
=} IN) IS o o0

» Old knife edges gave broad beam profiles
» Newly fabricated knife edges give sharper profiles

= Vertical profile was dominated by intensity feedback dither of the DCM 2"¢ crystal, and table vibrations
» Horizontal and vertical focal points move up to 25 mm depending on WBSL status, open or closed

= Beams size decreases linearly with WBSL size

= Discovered coupling between horizontal and vertical WBSL sizes (adjusted roll this shutdown)
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| Transfocator V-grove rail lens
center deviation:
V1: R £ 70 micron (bent rail)

/5. R 16 micron

Measured by Shenglan Xu
with Argonne metrology

® Horizontal: WBSL 50 micron
o Vertical: WBSL open
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LTP metrology at the APS of the HFM mirror in the bender.  LTP metrology of the VFM mirror in the bender at the

Left: the raw slope effort for the HFM when flat.
Right: the residual slope for the HFM when the mirrors is

APS.
Left: the raw slope effort for the VFM when flat.
Right: the residual slope for the VFM when the

bent to the ideal curvature to image the undulator source to ~ mirrors iIs bent to the ideal curvature to image the

\the sample position.

undulator source to the sample position. /
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Beam properties with
upgraded optics at 12 keV

APS with new mirrors and CRLs

- Optimized mini-beams (mirrors) (‘I:;;gl_&

Beam size (um) 62.5 x 4.1 20 10 o 1.2%x1.2

Intensity (ph/s) 3.5x10% 7.4 x1012 3.6 x 1012 2.1 x1012 2.3 x 10"

Intensity gaint 1.0 o.11 9.7t 10.0t >100*

T Compared to ID-D 2016 values
* Compared to 1D-B 2011 values

Comparison of sources with only CRL optics

| APS | APS-UBrightness | APS-U Timing

Beam size (um) 13.3x0.5 0.7x0.3 0.6x04
Intensity (ph/s) 4.2 x 1012 9.6 x 1012 8.3 x 1012
Flux density (ph/s/um2) 8.2 x 10" 6.4 x 1013 3.8 x 1012
Flux density ratio 1 78 46

*Beam size values are FWHM, H x V

~

/

/
/ Acquisition and Processing \

High Data Rate MX

Faster detectors with
streaming and multi-
image files require
software changes to
reach their  full
potential.

Data Processing

Serial Crystallography

Fixed-target sample
mounts such as the
one above are
optimally used with
new tools to plan data
collection.

Software Upgrades

HTTP Queue

A queue of HTTP
commands allows for
future automation of

any

including vector and
raster.

functionality

Refined Ul

needed.

Images will be streamed both to
local computing resources and the
ALCF, where a supercomputer
provides more CPU cores when

| s
] 6]
| Shutter
losed

A rewritten acquisition Ul is highly
modular and ready for high-speed
acquisition, complex automation
and is completely scriptable for

quickly adding new collect modes.
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Programs, High-End Instrumentation Grant (1S100D012289-01A1).This research used resources of the Advanced Photon Source, a U.S. Department of Energy (DOE) Office of Science User Facility operated for the DOE Office of Science by Argonne
National Laboratory under Contract No. DE-AC02-06CH11357.
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Structural Basis of CEACAM1 Oligomerization
Amit K. Gandhit, Zhen-Yu J. Sun?, Yu-Hwa Huang'#, Richard S. Blumberg*

!Division of Gastroenterology, Department of Medicine, Brigham and Women’s Hospital,
Harvard Medical School, 75 Francis Street, Boston, MA 02115
2Department of Cancer Biology, Dana-Farber Cancer Institute, Boston, MA 02215

The human (h) CEACAML1 observed to form oligomers and micro-clusters on the cell surface
which are thought to regulate h\CEACAM1-mediated signaling. However, the structural basis for
hCEACAML higher-order oligomerization is currently unknown. To understand this, we report a
hCEACAML IgV oligomer and nuclear magnetic resonance (NMR) studies predict that such
oligomerization is not impeded by the presence of carbohydrate side-chain modifications. In
addition, using UV spectroscopy and NMR studies, we show that oligomerization is further
facilitated by the presence of a conserved metal ion (Zn*™* or Ni**) binding site on the G strand of
the FG loop. Together these studies provide biophysical insights on how GFCC’ and ABED face
interactions together with metal ion binding may facilitate h\CEACAML oligomerization beyond
dimerization.
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