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Dynamic phase contrast x-ray imaging for respiratory research
Kaye Morgan, Monash University

Synchrotron x-ray sources have enabled the development of a range of powerful phase contrast x-ray imaging
techniques that reveal biological structures with more sensitivity and resolution than any previous medical
imaging modalities. Biomedical researchers can utilise these to non-invasively capture the structure of
weakly-absorbing soft tissue structures. The high x-ray flux provided by a synchrotron like SPring-8 enables the
capture of not only structure, but also soft tissue dynamics at high resolution. This means we can observe the
actions of small groups of cells or layers of tissue in vivo.

Using x-ray phase contrast, we have imaged various airway dynamics for improved physiological
understanding of respiratory disease and for treatment development [1-4]. | have focused particularly on
evaluating the effectiveness of new treatments for the airway disease associated with Cystic Fibrosis. By
tracking micron-sized changes in the depth of an airway surface liquid (ASL) (see Fig. 1 c), we can provide
immediate, site-of-action feedback non-invasively [2-3]. This kind of measure was previously not possible, and
can greatly accelerate the progression of treatments from the laboratory to the clinic.

Airway.

L
;.. ASL'not visible

e)

O

Cartilaggs ;*

Airway

2 : !
Figure 1. &) The surface of an in vivo murine airnay captured with propagation-based phase contrast, not sufficiently
sensitive to reveal the ASL, b) Araw single-grid image, analysed to extract ) Differential horizontal contrast, revealing the

ASL, d) Differential vertical contrast, e) Scattering and f) Thickness.

In order to differentiate this thin liquid layer from underlying airway tissue, | developed a new method of PCXI
that sensitively captures differential contrast with a single short exposure, avoiding motion blur (exacerbated at
high magnification). This method places a resolvable grid upstream of the sample (Fig. 1 b), and analyses
sample-induced distortions to the grid pattern at the detector to extract several image modalities from a single
exposure (Fig. 1 c-f).

This imaging method has allowed us to successfully monitor the effects of promising treatments currently in
development for Cystic Fibrosis.

Parsons et al., J. Anat., 2008.

Morgan etal., PLOS ONE, 2013.
Morgan et al. AJRCCM, 2014.
Donnelley etal., J. Sync. Radiat., 2014.

Morgan etal., Opt. Express, 2011.
Morgan etal., Opt. Letters, 2011.
Morgan etal., Appl. Phys. Lett., 2012.
Morgan etal., Opt. Letters, 2013.
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Fig. 1 Advanced Kirkpatrick-Baez mirror optics. Fig. 2 Obtained bright field image of a Siemens
(@) Separation mirror type and (b) monolithic star chart at an X-ray energy of 9.881 keV. A
mirror type. 100-nm feature is clearly visible.
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3) S.Matsuyama, Y. Emi, H. Kino, Y. Kchmura, M. Ybashi, T. Ishikawa, and K. Yamauchi, “Achromatic and high-resolution full-field
X-ray microscopy based on total-reflection mirrors”, Opt. Express 23, 9746 (2015).
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Perspective of Advanced Experimental Techniques
at Taiwan Photon Source

Yu-Shan Huang, Shih-Chun Chung, Mau-Tsu Tang, Chia-Hung Hsu, Di-Jing Huang,
Shih-Ling Chang, and Shangjr Gwo

National Synchrotron Radiation Research Center, 101, Hsin-Ann Road, Hsinchu City, Taiwan
Email: jade@nsrrc.org.tw

With rapid advances in the international scientific community as well as increasing demands for bright X-rays
from users to facilitate their challenging scientific experiments, the construction of a new synchrotron facility was
vital to maintaining National Synchrotron Radiation Research Center in Taiwan to be globally competitive. After
conducting numerous assessments with our users, the decision to construct Taiwan Photon Source (TPS) was
made at the meeting of Board of Trustee held in 2004 July. This large-scale project has established, at the current
campus of NSRRC, a new, low-emittance, synchrotron light source of circumference 518 m and with an electron
beam of energy 3 GeV.

TPS is designed to emphasize electron beams of small emittance and great brilliance for generating extremely
bright photon beams. The superior characteristics of TPS have opened avenues for novel scientific opportunities
and experimental techniques. The advanced techniques of phase-I beamlines include temporally coherent X-ray
diffraction, protein microcrystollography, submicron soft X-ray spectroscopy, coherent X-ray scattering, X-ray
nanodiffraction, X-ray nanoprobe, and resonant soft X-ray scattering. Taking full advantage of the highly brilliant
photon source, the seven beamlines will aim for the forefront of science. These beamlines cover diverse
researches in physics, chemistry, biology, and material science, in the energy range from soft to hard X-rays for
advanced research in spectroscopy, scattering and imaging. Scientific opportunities provided by the beamlines
will no doubt boost Taiwan frontier researches. Moreover, phase-11 and phase-111 beamline plans at TPS are under
discussion. The phase-11 and phase-111 beamlines will address complementary advanced techniques to phase-l
beamlines and relocate the fruitful scientific activities at Taiwan Light Source to the TPS.
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How a pathogenic bacterium obtains iron from its host — the role of synchrotron radiation in
the structure elucidation

J. Mitchell Guss'
'School of Molecular Bioscience, University of Sydney, N.S.W. 2006, Australia

Many bacteria have acquired novel, specialised machinery for gaining access to essential nutrients
from their environment or host organism.  Staphylococcus aureus (golden staph) is a
Gram-positive bacterial pathogen that is carried without symptoms by about one third of the human
population, and yet has the capacity to cause fatal invasive infection. Antibiotic resistant strains of
S. aureus are a major cause of hospital acquired infections and are now becoming widely spread in
the community. Thus novel ways of controlling infection are urgently required.

Since many essential bacterial enzymes require iron and access to iron is necessary for bacterial
infection, targeting iron uptake pathways may lead to new antibiotics. In humans, the most
abundant source of iron is haem (iron protoporphyrin 1X)
and the majority of haem is found in haemoglobin in blood.
S. aureus has evolved a pathway involving nine different
proteins, encoded by the iron-regulated surface determinant
(isd) genes, that is specialised for the uptake of haem/iron
from human haemoglobin. Two of these homologous cell
surface proteins (IsdB and IsdH) are able to capture free
haemoglobin, extract the haem and transfer it to another
protein for transport into the bacterial cell where the iron
can be released.

IsdH™2

We have succeeded in building a picture of how IsdH (and i ‘

. ) . sdH (cyan and blue) bound to a
by '1nference ISFlB) bind haemoglobin and extraqt the haem. haemoglobin of-dimer (yellow and
This work is based on structures derived from |orange)
crystallography, small-angle X-ray scattering and NMR
spectroscopy (1-4). In the course of this project we made extensive use of the resources of the
Australian synchrotron. We have also contributed to the development of guidelines for the
publication of work in which biological structures have been derived from SAXS data (5,6).
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